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PREFACE. 


The  "  Manual  of  Mineralogy  "  was  first  published  by  James 
Dwight  Dana  in  1848.  A  second  edition  was  printed  in  1850 
and  a  ''New  Edition/'  which  had  been  revised  and  enlarged, 
was  published  in  1857.  The  book  was  rearranged  and  rewritten 
for  the  third  edition  which  appeared  in  1878.  This  edition 
included  an  extensive  chapter  on  rocks,  and  the  title  of  the  book 
was  changed  to  "Manual  of  Mineralogy  and  Petrography."  The 
fourth  and  last  revision  was  published  in  1887.  Since  that  time 
the  book  has  been  frequently  reprinted,  so  that  the  last  edition 
was  the  twelfth.  But  it  is  now  twenty-five  years  since  the  last 
Revision  of  the  text.  Believing  that  the  Manual  has  amply 
proved  its  usefulness,  and  with  the  desire  of  keeping  the  series 
of  the  Dana  Mineralogies  complete,  Professor  Edward  S.  Dana 
asked  the  author  to  prepare  a  new  and  revised  edition. 

It  was  found  that  it  was  desirable  to  rewrite  the  book,  and 
consequently,  as  far  as  the  text  and  figures  are  concerned,  this 
present  edition  is  almost  wholly  new.  The  scope  and  character 
of  the  book,  however,  have  been  kept  as  nearly  as  possible  the 
same.  The  book  has  been  primarily  designed  to  fill  the  ordinary 
needs  of  the  elementary  student  of  Mineralogy,  the  mining 
engineer,  the  geologist  and  the  practical  man  who  may  be 
interested  in  the  subject.  It  has  been  made  brief  and  direct 
and  the  treatment  has  been  as  untechnical  as  possible. 

The  chapter  on  Petrography  has  been  omitted  and  only  a 
brief  and  general  description  of  the  various  important  rock  types 
given.  This  change  was  made  in  view  of  the  fact  that  since 
1887  the  subject  of  Petrography  has  had  so  large  a  development 
as  to  render  impossible  its  adequate  treatment  in  a  single 
chapter.     Moreover,  several  elementary  books  on  the  subject, 
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notably  "Rocks  and  Rock  Minerals"  by  L.  V.  Pirsson,  are  now 
available.  Because  of  this,  the  title  has  been  changed  again  to 
its  original  form  and  the  book  is  to  be  known  in  the  future  as 
"  Dana's  Manual  of  Mineralogy." 

The  order  adopted  in  the  description  of  species  has  been 
changed  to  that  of  the  chemical  classification  as  used  in  the 
System  of  Mineralogy.  It  was  felt  that  this  was,  on  the  whole, 
the  most  logical  and  useful  arrangement.  Following  the  de- 
scription of  the  individual  species,  however,  various  tables  are 
given,  among  them  one  in  which  the  minerals  are  grouped 
according  to  their  chief  element.  After  each  such  list  a  general 
description  of  the  association  and  occurrence  of  the  minerals 
which  it  contains  is  given.  Statistics  of  mineral  production, 
etc.,  are  given  in  Appendix  II.  It  is  intended  by  frequent 
revision  of  this  portion  of  the  book  to  keep  the  figures  reasonably 
up  to  date. 

The  author  has  made  free  use  of  many  sources  in  the  prepara- 
tion of  the  book.  He  is  especially  indebted  to  the  sixth  edition 
of  "Dana's  System  of  Mineralogy"  and  the  "Text  Book  oi 
Mineralogy"  by  E.  S.  Dana,  to  the  " Brush-Penfield  Deter- 
minative Mineralogy  and  Blowpipe  Analysis  "  and  to  "  Rocks 
and  Rock  Minerals"  by  L.  V.  Pirsson.  He  acknowledges 
gratefully  the  constant  advice  and  criticism  of  Professor  Edward 
S.  Dana. 

Sheffield  Scientific  School  of  Yale  Universitt, 
New  Haven,  CJonn.,  June,  1912. 


INTRODUCTION. 


Minerals  are  the  materials  of  which  the  earth's  crust  consists 
and  are  therefore  among  the  most  common  objects  of  daily  obser- 
vation. A  mineral  may  be  defined  as  a  naturally  occurring  sub- 
stance having  a  definite  and  uniform  chemical  composition  with 
corresponding  characteristic  physical  properties.  This  elimi- 
nates all  artificial  products  of  the  laboratory  which  may  conform 
to  the  last  part  of  the  definition.  It  also  eliminates  all  natural 
products  of  organic  agencies,  since  they  will  not  show  the  uni- 
form chemical  and  physical  characters  demanded  of  a  mineral. 

In  the  form  of  rocks,  minerals  make  up  the  solid  matter  of  the 
earth's  crust.  But  in  the  great  majority  of  cases  a  rock  is  not 
made  up  of  a  single  mineral,  but  is  a  more  or  less  heterogeneous 
aggregate  of  several  different  species,  A  few  rocks,  like  lime- 
stone and  quartzite,  consist  of  but  one  mineral  in  a  more  or  less 
pure  state.  In  addition  to  occurring  as  essential  and  integral 
parts  of  rocks,  minerals  are  found  distributed  through  them  in 
a  scattered  way,  or  in  veins  and  cavities.  Water  is  a  mineral, 
but  generally  in  an  impure  state  from  the  presence  of  other 
minerals  in  solution.  The  atmosphere  and  all  gaseous  materials 
set  free  in  volcanic  and  other  regions  are  mineral  in  nature. 

Characters  of  Minerals. 

1.  Minerals,  as  previously  stated,  have  a  definite  chemi- 
cal composition.  This  composition,  as  determined  by  chemical 
analysis,  serves  to  define  and  distinguish  the  species,  and  indi- 
cates their  profoundest  relations.  Owing  to  difference  in  com- 
position, minerals  exhibit  great  differences  when  subjected  to  the 
action  of  various  chemical  reagents,  and  these  peculiarities  are 
a  means  of  determining  the  kind  of  mineral  under  examination 
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in  any  case.  The  department  of  the  science  treating  of  the  coi 
position  of  minerals  and  their  chemical  reactions  is  termed  Cha 
ical  Mineralogy, 

2.  Each  mineral,  with  few  exceptions,  has  its  definite  fon 
by  which,  when  in  good  specimens,  it  may  be  known.  The 
forms  are  cubes,  prisms,  pyramids,  etc.  They  are  include 
under  plane  surfaces  arranged  in  S3anmetrical  order,  accordii 
to  mathematical  law.  These  forms  are  called  crystals.  Besid 
these  outward  forms  there  is  also  a  distinctive  internal  structu 
for  each  species.  The  facts  of  this  branch  of  the  science  cod 
under  the  head  of  Crystallographic  Mineralogy. 

3.  Minerals  differ  in  hardness,  from  talc  At  one  end  of  tl 
scale  to  the  diamond  at  the  other.  Minerals  differ  in  speciJ 
gravity,  and  this  character,  like  hardness,  is  a  most  importa] 
means  of  distinguishing  species.  Minerals  differ  in  color,  trac 
parency,  luster  and  other  optical  properties.  The  facts  ai 
principles  relating  to  the  above  characters  and  others  of  a  simil 
nature  are  included  in  the  department  of  Physical  Mineralogy 

4.  The  detailed  descriptions  of  individual  mineral  specie 
including  their  chemical,  crystallographic  and  general  physic 
characters,  together  with  their  occurrence,  associations,  uses,  et< 
are  included  under  the  division  known  as  Descriptive  Minercdog 

5.  Lastly,  the  discussion  of  the  methods  that  are  used  I 
identifying  minerals  forms  the  division  known  as  Determinati 
Mineralogy, 

These  different  branches  of  the  subject  are  taken  up  in  th 
book  in  the  following  order:  T.  Crsrstallographic  Mineralog; 
n.  Physical  Mineralogy;  in.  Chemical  Mineralogy;  r 
Descriptive  Mineralogy;  V.  Determinative  Mineralogy. 
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I.   CRYSTALLOGRAPHY. 

I.  INTRODUCTION. 

The  great  majority  of  our  minerals,  when  the  conditions  of 
formation  are  favorable,  occur  in  definite  and  characteristic 
geometrical  forms  which  are  known  as  crystals.  To  gain  a  com- 
prehensive knowledge  of  the  laws  which  govern  the  shape  and 
character  of  crystals  is  a  very  important  part  of  the  study  of 
mineralogy.  This  division  of  the  subject  is  called  crystallog- 
raphy. It  forms  almost  a  separate  science  in  itself,  and  to  ade- 
quately and  exhaustively  discuss  it  would  require  a  volume 
much  larger  than  the  present  one.  In  the  following  section, 
however,  the  attempt  will  be  made  to  present  the  elements  of 
crystallography  in  a  brief  and  simple  manner  and  at  least  to 
introduce  the  reader  to  the  more  essential  facts  and  principles 
of  the  subject. 

A  crystal  has  been  defined  as  follows:  A  crystal  is  a  body  which 
by  the  operation  of  molecvlar  affinity  has  assumed  a  definite  internal 
structure  with  the  form  of  a  regular  solid  inclosed  by  a  certain  num^ 
ber  of  plane  surfaces  arranged  according  to  the  laws  of  symmetry* 
This  is  a  very  compact  definition  and  several  pages  will  be  devoted 
to  its  discussion. 

A  better  idea  of  the  fundamental  laws  of  crystallography  will 
be  obtained  by  first  considering  the  three  prominent  modes  of 
crystallization.  Crjrstals  are  formed  by  crystallization  either 
(1)  from  a  solution,  (2)  from  fusion,  or  (3)  from  a  vapor.  The 
first  case,  that  of  crystallization  from  solution,  is  the  most  familiar 
to  our  ordinary  experience.    Take  for  example  a  water  solution 

♦  Century  Dictionary. 
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containing  sodium  chloride  (common  salt).  Suppose  that  by 
evaporation  the  water  is  slowly  driven  off.  The  solution  will, 
under  these  conditions,  gradually  contain  more  and  more  salt 
per  unit  volume,  and  ultimately  the  point  will  be  reached  where 
the  amount  of  water  present  can  no  longer  hold  all  of  the  salt 
in  solution,  and  this  must  begin  to  precipitate  out.  In  other 
words,  part  of  the  sodium  chloride,  which  has  up  to  this  point 
been  held  in  a  state  of  solution  by  the  water,  now  assumes  a  solid 
form.  If  the  conditions  are  so  arranged  that  the  evaporation  of 
the  water  goes  on  very  slowly,  the  separation  of  the  salt  in  solid 
form  will  progress  equally  slowly  and  definite  crystals  will  result. 
The  particles  of  sodium  chloride  as  they  separate  from  the  solu- 
tion will  by  the  laws  of  molecular  attraction  group  themselves 
together  and  gradually  build  up  a  definitely  shaped  solid  which 
we  call  a  crystal.  Crystals  can  also  be  formed  from  solution  by 
lowering  the  temperature  or  pressure  of  the  solution.  Hot 
water  will  dissolve  much  more  salt,  for  instance,  than  cold,  and 
if  a  hot  solution  is  allowed  to  cool,  a  point  will  be  reached  where 
the  solution  becomes  supersaturated  for  its  temperature  and 
salt  will  crystallize  out.  Again,  the  higher  the  pressiu-e  to  which 
water  is  subjected  the  more  salt  it  can  hold  in  solution.  So 
with  the  lowering  of  the  pressure  of  a  saturated  solution  super- 
saturation  will  result  and  crystals  form.  Therefore,  in  general, 
crystals  may  form  from  a  solution  by  the  evaporation  of  the 
solvent,  by  the  lowering  of  the  temperature  or  by  a  decrease  in 
pressure. 

A  crystal  is  formed  from  a  fused  mass  in  much  the  same  way 
as  from  a  solution.  The  most  familiar  example  of  crystalliza- 
tion from  fusion  is  the  formation  of  ice  crystals  when  water 
freezes.  While  we  do  not  ordinarily  consider  it  in  this  way, 
water  is  fused  ice.  When  the  temperature  is  sufficiently  lowered 
the  water  can  no  longer  remain  liquid,  and  it  becomes  solid  by 
crystallization  into  ice.  The  particles  of  water  which  were  free 
to  move  in  any  direction  in  the  liquid  now  become  fixed  in  their 
position,  and  by  the  laws  of  molecular  attraction  arrange  them- 
selves in  a  definite  order  and  build  up  a  solid  crystalline  mass. 
The  formation  of  igneous  rocks  from  molten  lavas,  while  more 
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complicated,  is  similar  to  the  freezing  of  water.  In  the  fluid 
lava  we  have  many  elements  in  a  dissociated  state.  As  the 
lava  cools  these  elements  gradually  group  themselves  into  differ- 
ent mineral  molecules,  which  gather  together  and  slowly  crystal- 
lize to  form  the  mineral  particles  of  the  resulting  solid  rock. 

The  third  mode  of  crystal  formation,  that  in  which  the  crys- 
tals are  produced  from  a  vapor,  is  less  common  than  the  other 
two  described  above.  The  principles  that  underlie  the  crystal- 
lization are  much  the  same.  The  dissociated  chemical  atoms 
through  the  cooling  of  the  gas  are  brought  closer  together  until 
they  at  last  form  a  solid  with  a  definite  crystal  structure.  An  ex- 
ample of  this  mode  of  crystal  formation  is  seen  in  the  formation 
of  sulphur  crystals  about  the  mouths  of  fumeroles  in  volcanic 
regions,  where  they  have  been  crystallized  from  sulphur-bearing- 
vapors. 

The  most  fundamental  and  important  fact  concerning  crystals 
is  that  they  possess  a  definite  internal  structure.  A  crystal  is  to 
be  conceived  as  made  up  of  an  almost  infinite  number  of  exces- 
sively minute  mineral  particles  which  have  a  regular  arrange- 
ment and  relation  to  each  other  and  form,  as  it  were,  a  crystal 
network.  Little  is  definitely  known  as  to  the  character  or  size  of 
these  mineral  particles.  They  may  be  the  same  as  the  chemical 
molecule,  but  more  probably  consist  in  definite  groups  of  that 
molecule.  There  are  many  proofs  that  a  crystal  does  possess  a 
definite  internal  arrangement  of  its  mineral  particles,  but  the 
following  three  are  the  most  important. 

Cleavage.  Many  minerals  when  fractured  break  with  definite 
and  smooth  flat  surfaces  which  are  known  as  cleavage  planes. 
Common  salt,  halite,  for  instance,  cleaves  in  three  different  planes 
which  are  at  right  angles  to  each  other.  It  is  said,  therefore,  to 
have  a  cubic  cleavage.  When  it  crystallizes  it  usually  shows 
cubic  forms  also.  The  planes  of  cleavage  are  found  to  be  always 
parallel  to  the  natural  cubic  crystal  faces.  If  the  internal  struc- 
ture of  halite  was  heterogeneous,  the  fact  that  it  always  shows  this 
cubical  cleavage  would  be  inexplicable.  It  can  only  be  explained 
by  assuming  some  definite  internal  arrangement  which  permits 
and  controls  such  a  cleavage. 
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Optical  Properties.  All  transparent  crystals  have  definite 
effects  upon  the  light  which  passes  through  them.  Many  of 
them  further  produce  changes  in  the  character  of  the  light  which 
cannot  be  accounted  for  except  through  the  constraining  influ- 
ence of  the  internal  structure  of  the  mineral.  Take  the  case  of 
calcite  as  an  example.  In  general,  if  you  look  at  an  object  through 
a  clear  block  of  calcite  you  will  observe  a  double  image.  The 
mineral,  in  other  words,  has  the  power  of  doubly  refracting  light. 
Further,  it  can  be  proved  that  each  of  the  two  rays  into  which 
calcite  breaks  up  light  has  a  definite  plane  of  vibration,  i.e.,  each 
ray  is  polarized.  A  piece  of  glass  similar  in  shape  to  the  calcite 
block  would  not  have  produced  these  effects,  because  the  internal 
structure  of  glass  is  heterogeneous,  while  that  of  calcite  is  definite 
and  regular. 

Regular  and  Coxuitant  Outward  Form.  If  a  series  of  objects 
all  having  the  same  shape  and  size  are  grouped  together  accord- 
ing to  some  regular  arrangement,  the  resulting  mass  will  have  a 
definite  form  which  will  bear  a  strict  relationship  to  the  char- 
acter of  the  individual  objects  and  the  law  which  was  followed 
in  assembling  them.  As  a  simple  illustration,  consider  an  ordi- 
nary pile  of  bricks.  If  each  individual  brick  is  exactly  like 
every  other  in  size  and  all  of  them  are  piled  together  according 
to  a  regular  plan,  the  shape  of  the  resulting  mass  will  depend 
directly  upon  the  shape  of  the  individual  bricks  and  the  law 
which  governed  their  arrangement.  Figs.  A  and  B,  Plate  I,  are 
reproductions  from  photographs  of  models  which  are  built  up 
solidly  of  small  steel  balls.  All  of  the  constituent  particles  of 
each  model  are  exactly  alike  in  shape  and  size,  and  they  have 
been  piled  together  according  to  a  regular  arrangement.  The 
result  has  been,  as  is  shown  in  the  figures,  to  produce  regularly 
and  definitely  shaped  solids.  If  therefore  a  regular  arrange- 
ment of  uniform  particles  produces  a  solid  with  a  definite  shape, 
the  converse  proposition  must  be  true.  If  we  have  a  mineral 
which  occurs  in  certain  characteristic  and  uniformly  shaped 
crystals  (halite,  for  example,  in  cubes),  it  must  follow  that  this 
could  only  be  accomplished  through  the  mineral  possessing  a 
regular  internal  structure. 
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The  Outward  Crystal  Form  BSay  Be  Varied  with  the 
Same  Internal  Crystalline  Structure.  There  may  be  several 
different  limiting  forms  possible  upon  crystals  of  the  same  min- 
eral Galena,  PbS,  for  example,  usually  crystallizes  in  the  form  of 
a  cube,  but  it  also  at  times  shows  octahedral  crystals.  The  in- 
ternal structure  of  galena  is  constant,  but  both  the  cube  and 
octahedron  are  forms  that  conform  to  that  structure.  The 
models  shown  on  Plate  I  illustrate  this  point.  Both  are  built 
up  of  similar  particles  and  their  arrangement  is  the  same  in  each 
case.  In  one,  however,  (Fig.  A),  the  planes  of  a  cube,  and  in 
the  other  (Fig.  B)  the  planes  of  an  octahedron,  limit  the  figure. 

With  the  same  internal  structure  there  are,  however,  only  a 
certain  number  of  possible  planes  which  can  serve  to  limit  a 
crystal.  And  it  is  to  be  noted,  b^  ^  -.  .  *  •  .c 
moreover,  that  of  these  possible 
planes  there  are  only  a  com- 
paratively few  which  commonly 
occur.  The  positions  of  the 
faces  of  a  crystal  are  deter- 
mined by  those  directions  in 
which  on  account  of  the  in- 
ternal structure  a  large  number 
of  the  individual  mineral  parti- 
cles lie.  And  those  planes 
which  include  the  greater  num- 
ber of  particles  are  the  ones 


Fig.  1. 


most  commonly  found  as  faces  upon  the  crystals.  Consider 
Fig.  1,  which  might  represent  one  layer  of  particles  in  a  certain 
crystal  network.  The  particles  are  equally  spaced  from  each 
other  and  have  a  rectilinear  arrangement.  It  will  be  observed 
that  there  are  several  possible  lines  through  this  network  that 
include  a  greater  or  less  number  of  the  particles.  These  lines 
would  represent  the  cutting  direction  through  this  network  of 
certain  possible  crystal  planes;  and  it  would  be  found  that  of 
these  possible  planes  those  which  include  the  larger  number 
of  particles,  like  those  cutting  along  the  lines  A-B  and  A-C, 
would  be  the  more  common  in  occurrence. 
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Law  of  the  Constancy  of  Interfacial  Angles.    Since  the 

internal  structure  of  any  mineral  is  always  constant,  and  since 
the  possible  crystal  faces  of  that  mineral  have  a  definite  relation- 
ship to  that  structure,  it  follows  that  the  faces  must  have  also  a 
definite  relationship  to  each  other.  This  fact  may  be  stated  as 
follows:  The  angles  between  two  similar  faces  on  the  same  substance 
are  always  the  same.  Fig.  1  will  also  illustrate  this  point.  The 
face  which  cuts  the  network  along  the  line  A-C  must  niake  an 
angle  of  45  degrees  with  the  face  which  cuts  along  the  line 
A-By  etc.  This  law  is  the  most  fundamental  and  important  in  ' 
the  science  of  crystallography.  It  frequently  enables  one  to 
identify  a  mineral  by  the  measurement  of  the  interfacial  angles 
on  its  crystals.  A  mineral  may  be  found  in  crystals  of  widely 
varying  shapes  and  sizes,  but  the  angle  between  two  similar  faces 
will  always  be  the  same. 

An  important  part  of  the  study  of  crystallography  consists 
in  the  measuring  and  classifying  of  the  interfacial  angles  on  the 
crystals  of  all  minerals.  These  measurements  are  accomplished 
by  means  of  instruments  known  as  goniometers.  For  accurate 
work,  particularly  in  the  case  of  small  crystals,  a  type  of  in- 
strument known  as  a  reflection  goniometer  is  used.  This  is  an 
instrument  upon  which  the 
crystal  to  be  measured  is 
mounted  so  as  to  reflect 
beams  of  light  from  its  faces 
through  a  telescope  to  the 
eye.  The  size  of  the  angle 
through  which  a  crystal  has 
to  be  turned  in  order  to 
throw  successive  beams  of 
light  from  two  adjacent  faces 
into  the  telescope  deter- 
mines the  angle  existing 
between'  the  faces.  A  sim- 
pler instrument  used  for  approximate  work  and  with  larger 
crystals  is  known  as  a  contact  goniometer.  Its  character  and  use 
are  illustrated  by  Fig.  2. 


Fig.  2.    Contact  Goniometer. 
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The  regular  internal  structure  of  crystals  requires  that  the 
ultimate  individual  mineral  particles  must  be  at  least  physically 
alike.  A  physical  likeness  between  these  particles  necessitates 
that  they  should  also  be  the  same  chemically,  or  at  least  closely 
similar.  Consequently  we  can 'state  that  in  general  a  crystal 
must  be  made  up  of  a  regular  assemblage  of  particles  which  are 
chemically  the  same,  and  therefore  that  a  crystallized  mineral 
must  have  a  definite  and  imiform  chemical  composition.  This 
statement  is  a  general  one  and  will  suffice  for  the  present;  certain 
modifications  will  be  found  stated  on  page  77  under  isomor- 
I^iism.  A  crystal  is  a  guarantee  of  the  chemical  homogeneity 
of  a  mineral.  From  this  it  follows  that  only  definite  chemical 
compounds  are  capable  of  crystallization. 

To  sum  up  the  conclusions  of  the  preceding  paragraphs:  A 
crystal  is  a  solid  with  definite  chemical  composition  which  possesses 
a  d^nite  internal  arrangement  of  its  mineral  particles.  These 
internal  characteristics  are  expressed  ovUtvardly  in  a  definite  external 
form.  And  since  the  internal  structure  of  the  same  substance  is 
always  constant,  the  angles  between  the  simihr  bounding  planes  of 
the  crystals  of  that  substance  are  also  constant. 

n.   SYMMETRY. 

Crystals  are  grouped  together  into  different  classes  according 
to  the  symmetry  which  they  show.  The  symmetry  of  crystals 
is  of  three  kinds,  namely:  1.  Symmetry  in  respect  to  a  plane; 
2.  Symmetry  in  respect  to  a  line;  3.  Symmetry  in  respect  to  a 
point. 

Symmetry  Plane.  A  symmetry  plane  is  an  imaginary  plane 
which  divides  a  crystal  into  halves,  each  of  which  is  the  mirror 
image  of  the  other.  Fig.  3  will  illustrate  the  character  of  such 
a  plane.  The  shaded  portion  of  the  figure  shows  the  position 
of  the  one  plane  of  symmetry  that  a  crystal  of  this  sort  possesses. 
For  each  face,  edge  or  point  on  one  side  of  the  plane  there  is  a 
corresponding  face,  edge  or  point  in  a  similar  position  on  the  other 
side  of  the  plane. 

Symmetry  Axis.  A  symmetry  axis  is  an  imaginary  line 
through  a  crystal  about  which  the  crystal  may  be  revolved  as 
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upon  an  ucb  and  ropoat  itself  in  appearance  two  or  more  tima 
during  tli«  revolution.  In  Fig.  4  the  line  G-C'  is  an  axis  ti 
symmetry,  for  when  the  crystal  represented  is  revolved  upon  it, 
it  will  have,  after  a  revolution  of  180°,  the  same  appearance  as 
at  first;  or  in  other  words,  similar  planes,  edges,  etc.,  will  appear 
In  the  places  of  the  corresponding  planes  and  edges  of  the 
orl^nal  position.  Point  A' will  occupy  the  original  position  tA 
A,  If  that  of  li,  etc.  Since  the  crystal  is  repeated  twice  in 
appearance  during  a  complete  revolution,  this  axis  is  said  to 
)w  «n(i  of  binary  or  twofold  synunetry.  In  addition  to  axes 
of  liinary  Bymniotry,  we  have  axes  of  trigonal  (threefold),  tet- 
ragonal (fourfold)  and  hexagonal  (sixfold)  symmetry. 


Centw  ot  Symnwtrr.  A  crystal  has  a  center  of  synanebry 
if  an  imaginary  line  is  passed  from  some  point  on  its  surface 
tlirough  its  center,  and  a  similar  point  is  found  on  the  line  at  an 
equal  distance  beyond  the  center.  The  crystal  represented  in 
^g.  5  has  a  center  of  symmetry,  for  the  point  A  is  repeated  at 
A'  on  a  line  passing  from  A  through  the  center,  C,  of  the  crystal, 
the  distances  AC  and  A'C  being  equal. 

All  possible  crystal  forma  can  be  grouped  into  thirty-two 
claasea  depending  upon  the  different  degrees  of  symmetry  which 
Uiey  show.  These  thirty-two  classes  may  be  further  grouped 
into  six  syBtema,  the  classes  of  each  system  having  certain  cloae 
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relations  to  each  other.  These  systems  are  known  as  the  Iso- 
metric, Tetragonal,  Hexagonal,  Orthorhombic,  Monoclinic  and 
Triclinic  Systems.  All  crystals  will  be  found  to  belong  to  one  or 
the  other  of  these  systems.  As  stated  above,  there  are  thirty-two 
possible  subdivisions  of  these  six  systems,  but  the  majority  of 
them  are  only  of  theoretical  interest,  since  practicaUy  aU  known 
species  can  be  placed  in  one  or  the  other  of  some  ten  or  twelve 
classes. 

m.  CRYSTAL  NOTATION. 

A  system  of  notation  has  been  developed  by  which  we  can 
describe  the  different  crystal  classes  and  the  crystal  forms  found 
in  each.  One  of  the  important  conceptions  to  this  end  is  that  of 
crystaUographic  axes, 

Crystallographic  Axes.  CrystaUographic  axes  are  imaginary 
lines  or  directions  within  a  crystal  to  which  the  crystal  faces  are 
referred  and  in  terms  of  which  they  are  described.  In  the  differ- 
ent systems  the  axes  vary  in  number  (three  or  four),  in  their 
relative  lengths  and  in  the  angles  of  inclination  to  each  other. 
As  a  general  case  we  will  consider  the  crystaUographic  axes  of 
the  Orthorhombic  System.  They  are  three  in  number,  at  right 
angles  to  each  other,  and  each  has  a  characteristic  relative  length. 
Fig.  6  represents  such  axes  for  the  orthorhombic  mineral  sulphur. 
When  placed  in  the  proper  position  for  description,  or  "orien- 
tated'' as  it  is  termed,  one  axis  called  a  is  horizontal  and  per- 
pendicular to  the  observer,  another  axis,  called  6,  is  horizontal 
and  parallel  to  the  observer,  while  the  third  axis,  called  c,  is 
vertical.  The  ends  of  each  axis  are  designated  by  either  a  plus 
or  a  minus  sign,  the  front  end  of  a,  the  right-hand  end  of  b  and 
the  upper  end  of  c  being  positive,  while  in  each  case  the  opposite 
end  is  negative.  When,  as  in  the  Orthorhombic  System,  the 
three  axes  have  different  relative  lengths,  these  values  have  to 
be  determined  experimentally  by  making  the  necessary  measure- 
ments on  crystals  of  each  mineral.  Fig.  7  would  represent  a 
crystal  of  sulphur  in  which  each  face  of  the  crystal  form,  known 
as  a  pyramid,  intercepts  each  axis  at  what  is  considered  as  its 
unit  length.    From  the  values  obtained  by  measuring  the  angles 
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between  the  different  faces  of  this  crystal  an  expression  of  the 
relative  lengths  of  the  three  axes  can  be  obtained  by  calculation. 
The  length  of  the  b  axis  is  taken  as  unity  and  the  lengths  of  the 
a  and  c  axes  are  expressed  in  terms  of  it.  The  axial  ratio  for  • 
sulphur  is  a  :  6  :  c  =  0.813  :  1.00  : 1.903.  It  must  be  borne  in 
mind  that  these  lengths  are  only  relative  in  their  value.  They 
do  not  represent  any  actual  distances.  A  sulphur  crystal  may 
be  of  microscopic  size  or  several  inches  in  diameter,  but  in  either 
case  the  above  ratio  would  hold  true. 


+a 


+c 


la 


-c 
Fig.  6. 

Ortborhombio 
Crystal  Axes. 


Icil6, 


00  O. 


Fig.  7. 

Ortborhombio 
Pyramid. 


Fig.  8. 

Orthorhombio 
Prism. 


Paraxneteni.  Crystal  faces  are  described  according  to  their 
relations  to  the  crystallographic  axes.  A  series  of  numbers  which 
indicate  the  relative  distances  by  which  a  face  intersects  the 
different  axes  are  called  its  parameters.  A  face  which  cuts  all 
three  axes  at  distances  from  the  point  of  their  intersection  which 
are  relatively  the  same  as  the  unit  lengths  of  the  axes  is  said  to 
have  the  following  parameters:  la,  16,  Ic  (see  Fig.  7).  A  face 
which  cuts  the  two  horizontal  axes  at  distances  which  are  rela- 
tively to  each  other  as  the  unit  lengths  of  those  axes  but  is  paral- 
lel to  the  vertical  axis  would  have  for  parameters  la,  16,  ooc  (see 
Fig.  8).  If  a  face  cuts  the  two  horizontal  axes  at  distances 
proportional  to  their  unit  lengths  and  cuts  the  vertical  axis  at 
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i  t^ce  its  relative  unit  length,  it  will  have  for  param- 
dien  la,  lb,  2c.  It  is  to  be  emphasized  that  these  parameters 
are  strictly  relative  in  their  values  and  do  not  indicate  any 
actual  cutting  lengths.  To  further  illustrate  this,  consider 
rig.  9,  which  represents  a  possible  sulphur  crystal.  The  forms 
preeeut  upon  it  are  two  pyramids  , 

of  different  slope  but  each  inter- 
secting all  three  of  the  crystal  axes 
when  properly  extended.  The  lower 
pyramid  intersects  the  two  hori- 
zontal axes  at  distances  which  are 
proportional  to  their  unit  lengths 
and  if  it  was  extended  as  shown  by 
the  dotted  lines  would  also  cut  the 
vertical  axis  at  a  distance  propor- 
tbnal  to  its  unit  length.  The  pa- 
rameters of  the  face  of  this  fonn 
which  cute' the  positive  ends  of  the 
three  axes  would  be  la,  lb,  Ic. 
The  upper  pyramid  would  cut  the 
two  horizontal  axes,  as  shown  by  the  dotted  lines,  also  at  dis- 
tances which,  although  greater  than  in  the  case  of  the  lower 
pyramid,  are  still  proportional  to  their  unit  lengths.  It  cuts  the 
vertical  axis,  however,  at  a  distance  which,  when  considered  in 
respect  to  its  intersections  with  the  horizontal  axes,  is  propor- 
laonal  to  one-half  of  the  unit  length  of  c.  The  parameters  of  a 
face  of  this  form  would  therefore  be  la,  lb,  ic.  From  this  ex- 
ample it  will  be  seen  that  the  parameters  1  a,  lb,  do  not  in  the  two 
cases  represent  the  same  actual  cutting  distances  but  express  only 
r^atJve  values.  The  parameters  of  a  face  do  not  in  any  way 
determine  its  size,  for  a  face  may  be  moved  parallel  to  itself  for 
any  distance  without  changing  the  relative  values  of  its  intersec- 
tiouB  with  the  crystallographic  axes. 

Law  of  D«flnlt«  Hathematical  Ratio.  It  is  to  be  noted  that 
in  general  the  ratio  of  the  intercepts  of  a  crystal  face  upon  the 
crystallographic  axes  can  be  expressed  by  whole  numbers  or 
definite  fractions.    These  numbers,  or  fractions,  are  commonly 
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simple,  such  as  1,  2,  3,  i,  i,  i,  etc.,  and  in  the  great  majority  d 
cases  are  1  or  00.  This  law,  that  the  axial  intercepts  of  all 
cr3rstal  faces  form  a  definite  mathematical  ratio,  is  an  extraindy 
important  one.  It  is  a  necessary  corollary  to  the  theoretical 
considerations  given  on  page  5  and  following. 

Indices.  Various  methods  of  notation  have  been  devised  to 
express  the  intercepts  of  any  cr3rstal  face  upon  the  crystal  axes, 
and  several  different  ones  are  in  conmion  use.  The  most  uni- 
versally employed  is  the  system  of  indices  of  Miller.  While  not 
as  simple  for  a  beginner,  perhaps,  as  some  one  of  the  systems  in 
which  the  parameters  of  the  cr}'stal  faces  are  used,  it  adapts  itself 
so  much  more  readily  to  crystallographic  calculations  and  con- 
sequently has  so  wide  a  use  that  it  seems  wise  to  introduce  it  here. 

The  indices  of  a  face  consist  of  a  series  of  whole  numbers  which 
have  been  derived  from  its  parameters  by  their  inversion  and,  if 
necessary,  the  subsequent  clearing  of  fractions.  The  indices  of 
a  face  are  always  given,  so  that  the  three  numbers  refer  to  the 
a,  b  and  c  axes  respectively,  and  therefore  ordinarily  the  letters 
which  indicate  the  different  axes  are  omitted.  The  pyramid 
illustrated  in  Fig.  7,  which  has  la,  16,  Ic  for  parameters,  would 
have  HI  for  indices.  The  face,  Fig.  8,  which  has  lo,  16,  ooc 
for  parameters,  would  have  110  for  indices.  The  face.  Pig.  9, 
which  has  la,  16,  ic  for  parameters,  would  have  112  for  indices. 
A  face  which  has  la,  16,  2c  for  parameters  would  have  221  for 
indices. 

Conunon  use  is  made  of  what  is  known  as  the  symbol  of  a 
form.  A  symbol  of  any  form  consists  of  the  indices  of  the  face 
having  the  simplest  relations  to  the  axes.  This  is  used  when 
it  is  desired  to  refer  to  some  particular  crystal  form,  and  the  sym- 
bol then  stands  for  the  whole  form  and  not  simply  for  the  single 
face  whose  indices  it  is. 

IV.  DEFINITIONS  OF  VARIOUS  TERMS. 

Crsrstal  Form.  By  the  expression  "crystal  form"  is  meant 
the  assemblage  of  all  similar  faces  which  are  possible  with  a 
certain  degree  of  symmetry.  In  Fig.  7  is  represented  a  crystal 
form  known  as  a  pyramid.    In  the  particular  synmietry  class 
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to  which  it  belongs  the  three  crystal  axes  are  axea  of  binary 
Bymmetry  and  the  aidal  planes  are  planes  of  Bymmetry.  Under 
these  conditions,  if  we  assume  the  presence  of  the  face  A  we  must ' 
have  the  other  seven  faces  also  in  order  to  satisfy  the  demands 
of  the  symmetry.  In  this  ease  the  assembhige  of  the  eight 
pyramidal  faces  constitutes  the  crystal  form.  A  crystal  form 
does  not  necessarily  make  a  solid 
figure.  Consider  Fig.  10,  which  is 
of  a  crystal  of  the  Monoclinic  Sys- 
tem. In  this  system  the  b  axis  is 
an  axis  of  binary  sj^mmetry  and  the 
plane  of  the  a  and  c  axes  is  a  sym- 
metry plane.  Under  these  condi- 
tions, if  we  assume  the  presence  of 
the  plane  b,  the  symmetry  demands 
only  the  parallel  faceb'.  So  these 
two  faces,  bdng  all  the  possible 
idmilwr  planes  with  this  particular 
symmetry,  constitute  a  crystal  form, 
forms  present  on  the  crystal  represented  in  Fig.  10. 

CiTstel  Habit.  By  the  crystal  habit  of  any  mineral  ia  meant 
the  common  and  characteristic  form  or  combination  of  forma  in 
which  that  mineral  crystallizes.  Galena,  for  example,  has  a  cubic, 
magnetite  an  octahedral  and  garnet  a  dodecahedral  habit.  By 
this  is  meant  that,  although  these  minerals  arc  found  in  crys- 
tals which  show  other  forms,  such  occurrences  are  comparatively 
rare,  and  their  "kabU"  is  to  crystalMze  as  indicated. 

Crystal  Combinations.  In  the  great  majority  of  cases,  a 
crystal  will  show  a  combination  of  two  or  more  crystal  forms 
rather  than  one  single  form.  In  fact,  many  crystal  forms,  since 
they  do  not  mate  a  solid  figure  by  themselves,  must  occur  in 
combination  with  other  forms.  The  combination  in  which  it 
occurs  may  quite  change  the  appearance  of  a  form,  and  its  recog- 
nitJOQ  will  depend  upon  the  position  and  relation  of  its  faces 
rather  than  upon  their  shape.  Fig.  11  is  of  a  sunple  form  known 
as  a  cube,  and  Fig.  12  is  of  a  simple  form  known  as  an  octahedron, 
fig.  13  shows  a  combination  of  the  two,  in  which  the  comers  of 
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the  cube  are  truncated  by  the  faces  of  the  octahedron,  while 
Fig.  14  shows  the  same  two  forms  in  a  combination  in  which 
the  points  of  the  octahedron  are  truncated  by  the  faces-  of  the 
cube.  When  a  comer  or  an  edge  of  one  form  is  replaced  by  a 
face  of  another  form,  the  first  is  said  to  be  truncated  by  the 
second.  If  an  edge  is  replaced  by  two  similar  faces  it  is  said  to 
be  beveled. 


^\ 

a 

a 

\ 

a 

'^ 

Fig.  11. 
Cube. 


Fig.  12. 
Octahedron. 


Fig.  13.  Fig.  14. 

Cube  Truncated    Octahedron  Trun- 
by  Octahedron.       cated  by  Cube. 


Crsrstal  Distortion.  It  seldom  happens  that  the  conditions 
for  crystal  growth  are  such  as  to  permit  the  development  of 
crystals  of  ideal  S3rmmetry.  The  crystal  may  have  grown  more 
rapidly  in  one  direction  than  in  another;  other  surrounding  min- 
erals may  have  interfered,  and  in  various  ways  its  symmetrical 
growth  been  prevented.    Such  a  crystal  is  said  to  show  distortion. 


Fig.  15.    Cube. 


Fig.  16.  Distorted  Cube.     Fig.  17.    Octahedron. 


Ordinarily  the  amount  of  distortion  is  not  so  great  as  to  prevent 
one  from  readily  imagining  what  the  ideally  developed  crystal 
would  be  like  and  so  determining  its  symmetry  and  character. 
It  is  to  be  noted  that  the  real  symmetry  of  a  crystal  does  not 
depend  upon  the  symmetrical  shape  and  size  of  its  faces,  but 
rather  upon   the  symmetrical  arrangement  of   its  interfacial 
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angles.    In  the  Fig?.  15  and  16,  17  and  18,  19  and  20,  are  given 
various  crystal  forms,  fiilst  ideally  developed  and  then  distorted. 


Fig.  18.  Fig.  19.  Fig.  20. 

Distorted  Octahedron. .  Dodecahedron.        Distorted  Dodecahedron. 

Crystal  Pseudoxnorphs.  At  times  we  find  a  mineral  occur- 
ring in  crystals  which  prove  to  be  not  the  characteristic  forms 
for  that  mineral,  but  are  rather  the  typical  forms  of  some  other 
sp>ecies.  Such  crystals  are  said  to  be  pseudomorphsj  or  false 
forms.  They  originate  in  various  ways.  The  mineral  may  have 
changed  in  its  composition  without,  however,  changing  its  crystal 
form.  We  find,  for  example,  that  cuprite,  CuaO,  frequently 
alters  to  malachite,  CuC08.Cu(OH)2,  but  without  a  change 
in  the  crystal  shape.  The  resulting  crystals  would  have  the 
composition  of  malachite  but  the  crystal  form  of  cuprite.  An- 
other mode  of  origin  is  to  have  one  mineral  deposited  on  the 
crystals  of  another  and  so  form,  as  it  were,  a  cast  of  the  second. 
Smithsonite,  ZnCOa,  is  at  times  found  in  pseudomorphic  crystals 
whose  forms  are  those  of  calcite.  In  this  case  the  smithsonite 
has  been  deposited  in  a  thin  layer  over  the  crystal  of  calcite, 
which  may  have  subsequently  been  removed.  The  resulting 
crystal  is  a  pseudomorph  of  smithsonite  after  calcite.  Pseudo- 
morphs  cannot  be  regarded  as  true  crystals,  since  their  internal 
structure  does  not  correspond  to  the  outward  crystal  form. 

Twin  Crystals.  When  two  or  more  crystals  intergrow  accord- 
ing to  some  definite  law,  the  resulting  group  is  said  to  be  a  twin 
crystal.  The  different  members,  ordinarily  two,  of  a  twin 
crystal  have  usually  a  plane,  known  as  a  twinning  plane,  or  an 
axis,  known  as  a  twiiming  axis,  which  is  common  to  both.  In 
Fig.  21,  which  represents  a  twin  crystal  of  fluorite,  we  have  two 
cubes  intergrown  in  such  a  way  that  the  diagonal  axis  A-A'  is 


16. 


MANUAL  OF  MINBRALOOY 


common  to  the  two  individuals.  The  individual,  the  faces  of 
which  are  shaded  in  the  figure,  lies  as  if  it  had  been  turned  about 
this  axis  from  the  position  occupied  by  the  other  individual 
throi^  an  angle  of  60  degrees.  The  line  A-A'  is  known  as  the 
twinning  a^s.  Tn  Fig.  22  is  represented  a  twinned  octahednm. 
The  two  individuals  here  are  grown  together  with  an  octahedral 


Fie  21.    Twinoe 

face  in  common. 


Fig  13.   Twinned  OoUtMdmi. 


It  will  be  noted  that  the  composition  plane, 
which  is  shaded,  is  parallel  to  one  face  of  each  mdividual  Tins 
plane  is  known  as  the  twinning  plane.  The  twin  of  Fig.  21  is 
known  as  a  penetration  twin,  since  the  two  individuals  inter- 
penetrate  each  other;  while  the  twin  of  Fig.  22  ia  a  contact  twin, 
since  the  two  individuals  lie  sunply  in  contact  with  each  other 
upon  a  certain  plane. 

V.   ISOMETRIC   SYSTEM. 
CryBtallograptaic  Axes.    The  crystallographic  axes  of  the  Iso- 
metric System  are  three  in  number,  of  equal  lengths,  and  make 
right  angles  mth  each  other.     When 
properly  orientated  one  axis  is  vertical 
and  the  other  two  are  horizontal,  one 
_a,  being  parallel  and  the  other  perpendicu- 
lar to  the  observer,  as  ia  shown  in  Fig, 
23.    Since  the  three  axes  are  identical 
in  character,  they  are  interchangeable, 
l-aj  and  any  one  of  them  may  serve  as  the 

Fig.  23.  Iwmsttic  Aies,  vertical  axis,  etc.  In  giving  the  indices 
of  a  face  of  an  isometric  form,  the  order  of  the  axes,  etc.,  is  the 
same  as  described  in  a  previous  paragraph,  page  9. 
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Nomiil  Class. 
SymnutiT  and  Totma.  The  symmetry  ehowD  by  tbe  cryo' 
tals  of  the  Normal  Class  of  the  Isometric  System  is  as  follows. 
The  three  crystallographic  axes  are  axes  of  tetragonal  Bymmetry 
(see  Fig.  24).  There  are  also  four  diagonal  axes  of  trigonal  sym- 
metry. These  axes  emeige  in  the  middle  of  each  of  the  octaota 
formed  by  the  intersection  of  the  crystallographic  axes  (see 
Fig.  25).  Further,  there  are  six  diagonal  axes  of  binary  sym- 
metry, each  of  which  bisects  one  of  the  angles  between  two  of 
the  crystallographic  axes,  as  illustrated  in  Fig.  26. 


w^ 


of  Synunatry,  Isometiio  Syitem,  NotduI  Ctui 


I      I 
— .      U__l 


This  class  shows  nine  planes  of  symmetry,  three  of  them  being 
known  as  the  axial  planes,  since  each  includes  two  crystallo- 
graphic axes  (see  Fig.  27),  and  six  being  called  diagonal  planes, 
once  each  bisects  the  angle  between  two  of  the  axial  planes 
(see  Fig.  28). 
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To  summarize  the  symmetry  of  this  class: 

3  crystallographic  axes  of  tetrttgoual  symmetry; 

4  diagonal  axes  of  trigooal  symmetry; 
6  diagonal  axes  of  binary  symmetry; 
3  axial  planes  of  symmetry; 

6  diagonal  planes  of  symmetry. 

This  symmetry,  which  is  of  the  highest  degree  possible  in 
solids  with  plane  surfaces,  defines  the  Norma!  Class  of  the  Iso- 
metric System.  Every  crystal  form  and  every  combination  of 
forms  that  belongs  to  (his  class  must  show  its  complete  sym- 
metry. It  is  important  to  remember  that  in  this  class  the  three 
crystallographic  axes  are  axes  of  tetragonal  symmetry,  since  this 
fact  distinguishes  the  class  from  all  others  and  by  means  of  it  the 
crystallographic  axes  can  be  easily  located  and  a  crystal  properly 
orientated. 

The  forms  of  the  Isometric  System,  Nomaal  Class,  are  as 
follows: 

I.  Cube  or  HexapedTon.  The  cube  is  a  form  composed  of  rix 
square  faces  which  make  90°  at^les  with  each  other.  Each  face 
intersects  one  of  the  crystallc^raphic  axes  and  is  parallel  to  the 
other  two.    Its  symbol  is  (100).    Fig.  29  represents  a  simple  cube. 


^,--^ 

a.m 

^ 

- 

&"^ 

— a 

-- — ' 

^^ 

Us.  211.    Cube.  Fig.  30,    Octahedron. 

2.  Octahedron.  The  octahedron  is  a  form  composed  of  eight 
equilateral  triangular  faces,  each  of  which  intersects  all  three  of 
the  crystallographic  axes  equally.  Its  symbol  is  (111).  Fig.  30 
represents  a  simple  octahedron  and  Figs.  31  and  32  show  com- 
binations of  a  cube  and  an  octahedron.     When  in  combination 
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the  octahedron  is  to  be  recf^nized  by  ita  eight  similar  faces,  each 
of  which  is  equally  inclined  to  the  three  crystallographic  axes. 
It  is  to  be  noted  that  the  facea  of  an  octahedron  truncate  sym- 
metrically the  comers  of  a  cube. 


f^"^^ 


Cube  atid  Oetabedron,  OoUhednHi  and  Cube.  Dod«ailied»n. 

3.  Dodecahedron.  The  dodecahedron  is  a  form  composed  of 
twelve  rhombic-shaped  faces.  Each  face  intersects  two  of  the 
ciystallograpMc  axes  equally  and  is  parallel  to  the  third.  Its 
symbol  is  (110).  Fig.  33  shows  a.  ^mple  dodecahedron,  Fig.  34 
shows  a  combination  of  dodecahedron  and  cube,  Tigs.  35  and  36 
combinations  of  dodecahedron  and  octahedron,  and  Fig.  37  a 
combination  of  cube,  octahedron  and  dodecahedron.  It  is  to  be 
noted  that  the  faces  of  a  dodecahedron  truncate  the  edgea  of 
both  the  cube  and  the  octahedron. 


^ 


"^ 


4.  Teh-ahexahedron.  The  tetrahexahedron  is  a  form  com- 
posed of  twenty-four  isosceles  triangular  faces,  each  of  which  in- 
tersects one  am  at  unity,  the  second  at  some  multiple,  and  is 
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parallel  to  the  third.  There  are  a  number  <A  tetrahexahednnu 
which  differ  from  each  other  in  respect  to  the  inclination  d 
their  faces.  Perhaps  the  one  most  common  in  occurrence  hw 
the  parameter  relations  la,  26,  ooc,  the  symbol  of  which  would 
be  (210).  The  symbols  of  other  forms  are  (310),  (410),  (320), 
etc.  It  is  helpful  to  note  that  the  tetrahexahedron,  as  its  name 
indicates,  is  like  a  cube,  the  faces  of  which  have  been  replaced  by 
four  others.  Fig.  38  shows  a  simple  tetrahexahedron  and  Fig.  39 
a  cube  with  its  edges  beveled  by  the  faces  of  a  tetrahexahedron. 


Cube.  OoUbAdron  moA  Dod^akhednm. 


TetraheiBhBdron. 


)r  Telragondl  Trisoclakedron.  The  trapeio- 
hedron  is  a  fonn  composed  of  tweoty-four  trapezium-shaped 
faces,  each  of  which  intersects  one  of  the  crystallographic  axes 
at  unity  and  the  other  two  at  equal  multiples.  There  are  vari- 
ous trapezohedrons  with  their  faces  having  different  angles  of 
inclination.     A  common  trapezohedron  has  for  its  p 
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la,  26,  2c,  the  sjrmbol  for  which  would  be  (211).  The  symbols 
for  other  trapezohedrons  are  (311),  (411),  (322),  etc.  It  will  be 
noted  that  a  trapezohedron  is  an  octahedral-like  form  and  may 
be  conceived  of  as  an  octahedron,  each  of  the  planes  of  which  has 
been  replaced  by  three  faces.  Consequently  it  is  sometimes 
called  a  tetragonal  trisoctahedron.  The  qualifying  word,  tet- 
ragonal, is  used  to  indicate  that  each  of  its  faces  has  foiu*  edges 
and  to  distinguish  it  from  the  other  trisoctahedral  form,  the 


Fis.  40. 
Trapezohedron. 


Fig.  41. 
Dodecahedron  and  Trapesohedron. 


Fig.  42. 
Dodecahedron  and  Trapezohedron. 


Fig.  43. 
Cube  and  Trapezohedron. 


description  of  which  follows.  Trapezohedron  is  the  name,  how- 
ever, most  conunonly  used.  The  following  are  aids  to  the  recog- 
nition of  the  form  when  it  occurs  in  combinations:  the  three 
similar  faces  to  be  found  in  each  octant;  the  relations  of  each 
face  to  the  axes;  and  the  fact  that  the  middle  edges  between  the 
three  faces  in  any  one  octant  go  toward  points  which  are  equi- 
distant from  the  ends  of  the  two  adjacent  crystallographic  axes. 
Fig.  40  shows  a  simple  trapezohedron,  and  Figs.  41  and  42  show 
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each  a  trapezohedron  in  combination  with  a  dodecahedron.  It 
is  to  be  noted  that  the  faces  of  the  common  trapezohedron  (211) 
(Fig.  41)  truncate  the  edges  of  the  dodecahedron.  Fig.  43  shows 
a  combination  of  cube  and  trapezohedron. 

6.  Trisoctahedron  or  Trigonal  Trisoctahedron,  The  trisocta- 
hedron  is  a  form  composed  of  twenty-four  isosceles  triangular 
faces,  each  of  which  intersects  two  of  the  crystallographic  axes 
at  unity  and  the  third  axis  at  some  multiple.  There  are  various 
trisoctahedrons  the  faces  of  which  have  different  inclinations. 
A  common  trisoctahedron  has  for  its  parameters  la,  16,  2c,  its 
symbol  being  (221).  Other  trisoctahedrons  have  the  symbols 
(331),  (441),  (332),  etc.  It  is  to  be  noted  that  the  trisoctahedron, 
like  the  trapezohedron,  is  a  form  that  may  be  conceived  of  as  an 
octahedron,  each  face  of  which  has  been  replaced  by  three  others. 
Frequently  it  is  spoj^en  of  as  the  trigonal  trisoctahedron,  the 
modifying  word  indicating  that  its  faces  have  each  three  edges 
and  so  differ  from  those  of  the  trapezohedron.  But  when  the 
word  "trisoctahedron"  is  used  alone  it  refers  to  this  form.  The 
following  points  would  aid  in  its  identification  when  it  is  found 
occurring  in  combinations:  the  three  similar  faces  in  each  octant; 
their  relations  to  the  axes;  and  the  fact  that  the  middle  edges 
between  them  go  toward  the  ends  of  the  crystallographic  axes. 


Fig.  44. 
Trisoctahedron. 


Fig.  45. 
Octahedron  and  Trisoctahedron. 


Fig.  44  shows  the  simple  trisoctahedron  and  Fig.  45  a  combina- 
tion of  a  trisoctahedron  and  an  octahedron.  It  will  be  noted 
that  the  faces  of  the  trisoctahedron  bevel  the  edges  of  the  octa- 
hedron. 
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7.  Hexodahedron.  The  hexoctahedron  ia  a  form  composed  of 
forty-eight  triangular  faces,  each  of  which  cute  differently  on  all 
three  cryatallographic  axea.  There  are  several  hexoctahedrons, 
which  have  varying  ratios  of  intersection  with  the  axes.  A 
conunon  hexoctahedron  haa  for  its  parameter  relations  la,  }t, 
3c,  its  symbol  being  (321),  Other  hexoctahedrons  have  the 
^mbolfi  (421),  (531),  (432),  etc.     It  is  to  he  noted  that  the  hex- 


Flc.  it. 

DodHfthsdron.  TrapeEohedroD  and 

HeioctBtaedroD. 

octahedron  is  a  form  that  may  be  considered  aa  an  octahedron, 
each  face  of  which  has  been  replaced  by  six  others.  It  is  to  he 
recc^nized  when  in  combination  by  the  facts  that  there  are  six 
^milar  faces  in  each  octant  and  that  each  face  intercept  the 
three  axes  differently.  Fig.  46  ahowa  a  simple  hexoctahedron, 
I^.  47  a  combination  of  cube  and  hexoctahedron,  Fig.  4S  a 
combination  of  dodecahedron  and  hexoctahedron,  and  Fig.  49  a 
combination  of  dodecahedron,  trapezohedron  and  hexoctahedron. 


24 


MANUAL  OP  MINERAWQY 


Occurrence  qf  the  Above  Forma  The  cube,  octahedron  and 
dodecahedron  are  the  moet  common  of  the  isometnc  fonos. 
The  trapezohedron  ia  also  frequently  observed  on  a  few  min- 
erals. The  other  forms  the  tetrahexahedron,  triBoctahedron  and 
hexoctahedron,  are  rare  and  are  ordmanly  to  be  observed  only 
aa  small  truncations  in  combmations 

The  following  is  a  list  of  the  commoner  mmerals  upon  the 
crystals  of  which  each  form  is  promment 

Cube:   Galena,  halite  sylvite  fluonte,  cuprite 

Octahedron;  Spinel  magnetite  frankUnite,  chrotmte. 

Dodecahedron:   Magnetite,  garnet 

Trapezohedron:  Leucite,  garnet,  aiialcit« 

Pyntohedral  Class 

The  Pyritohedral  Class  is  one  of  the  subordinate  diviaionB  of 
the  Isometric  System  It  differs  from  the  Normal  Class,  since 
its  crystals  commonly  show  forms  that  do  not  possess  as  high 
a  symmetry  aa  those  of  that  class  The  name  of  the  class  is 
derived  from  that  of  its  chief  member,  pynte 

STinmotr;  and  Forms  The  symmetry  of  the  Pyntohedral 
Class  is  as  follows:  The  three  crystal  axes  are  axes  of  bmaiy 


Fig.  BO. 
Symmetry  of  Pyritohedral  Clata,  leometrio  SyM«iii. 

symmetry;  the  four  diagonal  axes,  each  of  which  emei^es  in  the 
middle  of  an  octant,  are  axes  of  trigonal  symmetry;  the  three 
axial  planes  are  planes  of  symmetry  (see  Figs.  50  and  51). 
The  characteristic  forms  of  the  Pyritohedral  Class  are  ai 

follows: 
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1.  Pyrilohedron  or  Pentagonal  Dodecahedron.  This  form  con- 
dsts  of  twelve  pentagonal-shaped  faces,  each  of  which  inteisects 
one  crystallographic  axis  at  unity,  the  second  axis  at  some  mul- 
tiple, and  ifl  parallel  to  the  third.  There  are  a  number  of  pyrito- 
hedrous  which  differ  from  each  other  in  respect  to  the  inclination 
of  their  faces.  Perhaps  the  most  common  in  occmrenQe  has 
the  parameter  relations  la,  26,  ooc,  the  symbol  of  which  would 
be  (210)  (see  Fig.  52).  It  is  to  be  noted  that  the  parameter  rela- 
tions of  the  pyritohedron  are  the  same  as  those  of  the  tetra< 
hexahedron  (see  pa^  19).  A  pyritohedron  may  be  considered 
as  derived  from  a  corresponding  tetrahexahedron  by  the  omission 
of  alternate  faces  and  the  extension  of  those  remaining.    Fig.  53 


Fig.  BB. 

PyritdiedTDn.  ShowinE  RclatioD  between  Pyrito- 

hedroQ  And  TetraheiAhedtDji. 

shows  the  relations  of  the  two  forms,  the  shaded  faces  of  the 
tetrahexahedron  being  those  which  when  extended  would  form 
the  faces  of  the  pyritohedron. 

2.  Diploid.  The  diploid  is  a  rare  form  found  only  in  this 
class.  It  is  composed  of  twenty-four  facea  which  correspond 
to  one-half  the  faces  of  a  hexoctahedron.  Fig.  5i  represents  a 
diploid. 

In  addition  to  the  two  forms  described  above,  minerals  of 
this  class  show  also  the  cube,  octahedron,  dodecahedron,  trapezo- 
hedroa  and  trisoctahedron.  Sometimes  these  forms  may  appear 
alone  and  so  perfectly  developed  that  they  cannot  be  told  from 
the  forms  of  the  Normal  Class.  This  is  often  true  of  octahedrons 
of  pyrite.  Usually,  however,  they  will  show  by  the  presence  of 
striation  lines  <x  etching  ^ures  that  they  do  not  possess  the 
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high  symmetry  of  the  Konual  Claea  but  confonn  rather  to  the 
symmetry  of  the  Pyritohedral  Class.  This  is  shown  in  Fig.  65, 
which  represents  a  cube  of  pyrite  with  characteristic  stnationB, 
which  are  so  disposed  that  the  crystal  shows  the  lower  symmetry. 


OoCabsdrOD  tai  Pyntohedron. 


Fig.  56  represents  a,  combination  of  cube  and  pyritohedron,  m 
which  it  will  be  noted  that  the  faces  of  the  pyritohedron  truncate 
unaynunetrically  the  edges  of  the  cube.  Figs.  57,  58  and  59 
represent  combinations  of  pyritohedron  and  octahedron  with 
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varioufl  developments.  Fig.  60  shows  a  cube  truncated  with 
pyritohedron  and  octahedron.  Fig.  61  represents  a  combination 
of  cube  and  the  diploid  /  (421).  These  figures  should  be  studied 
in  order  to  impress  upon  one's  mind  the  characteristic  symmetry 
of  the  class. 


Pyritohedron,  Cube  twd  Oelabedron.  Diploid  and  Cube. 

The  chief  mineral  of  the  Pyritohedral  Claaa  ia  pyrite;  other  much 
rarer  members  are  smaltite,  cliloanthite,  cobaltite,  geredorffite  and 
sperrylite. 

Tetraliedral  Class. 

Another  subordinate  division  of  the  Isometrie  System  is  known 
Bs  the  Tetrabedral  Class,  deriving  its  name  from  its  chief  form, 
the  tetrahedron. 


Symmetiy  otTeCrahedralClua  Isometnc  Siatem 

SymmotTT  and  Fomu.  The  symmetry  of  this  rlasx  is  as 
follows:  The  three  crystallographic  axes  are  axes  of  bmar>  sym- 
metry; the  four  diagonal  axes  are  axes  of  trigonal  symmetry; 
there  are  six  diagonal  planes  of  symmetry  (see  Figs.  62  and  63). 
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The  characteristic  forms  of  the  Tetrahedral  Class  are  as  fol- 
lows: 

1.    Tetrahedron.     The  tetrahedron  is  a  form  composed  of 
four  equilateral  triangular  faces,  each  of  which  intersects  all  of 

the  crystallographic  axes  at  equal 
lengths.  It  can  be  considered  as 
derived  from  the  octahedron  of  the 
Normal  Class  by  the  omission  of  the 
alternate  faces  and  the  extension  of 
th^  others,  as  shown  in  Fig.  64. 
This  form,  shown  also  in  Fig.  65,  is 
known  as  the  positive  tetrahedron 
and  has  for  its  symbol  (111).  If 
the  other  four  faces  of  the  octa- 
hedron had  been  extended,  the 
tetrahedron  resulting  would  have 
had  a  different  orientation,  as  shown  in  Fig.  66.  This  is  known 
as  the  negative  tetrahedron  and  has  for  its  symbol  (111).    The 


Fig.  64. 
Showing  Relation  between  Octa- 
hedron and  Tetrahedron. 


Fig.  65. 
Positive  Tetrahedron. 


Fig.  66. 
Negative  Tetrahedron. 


Fig.  67. 

Positive  and  Negative 

Tetrahedrons. 


positive  and  negative  tetrahedrons  when  occurring  alone  are 
geometrically  identical,  and  the  only  reason  for  recognizing  the 
possibility  of  the  existence  of  two  different  orientations  lies  in 
the  fact  that  at  times  they  may  occur  tnmcating  each  other, 
as  shown  in  Fig.  67.  If  a  positive  and  negative  tetrahedron 
occurred  together  with  equal  development,  the  resulting  crystal 
could  not  be  distinguished  from  an  octahedron,  unless,  as  is 
usually  the  case,  the  faces  of  the  two  forms  showed  different  lus- 
ters, etchings  or  striations  that  would  serve  to  differentiate  them. 
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Other  possible  but  rare  tetr&hedral  forms  are  the  following : 
The  .triatetrahedron  (Fig,  68),  the  faces  of  which  correspond  to 
one-half  the  faces  of  a  trapezohedron ;  the  deltoid  dodecahedron 
(Fig.  69),  the  faces  of  which  correspond  to  one-half  those  of 
the  trisoctahedron ;  the  hexakistetrahedron  {Fig.  70),  the  faces 
of  which  correspond  to  one-h^  the  faces  of  the  hexoctahedron. 
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The  cube  and  dodecahedron  are  also  found  on  minerals  of  the 
Tetrahedral  Class.     Figs.  71  and  72  show  combinations  of  cube 
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and  tetrahedron.  It  will  be  noted  that  the  tetrahedron  faces 
truncate  the  alternate  corners  of  the  cube,  or  that  the  cube  faces 
truncate  the  edges  of  a  tetrahedron.  Fig.  73  shows  the  com- 
bination of  tetrahedron  and  dode- 
cahedron. Fig.  74  represents  a 
combination  of  cube,  dodecahedron 
and  tetrahedron.  Fig.  75  shows  a 
combination  of  tetrahedron  and 
tristetrahedron. 

Tetrahedrite  and  the  related  ten- 

nantite  are  the  only  common  min- 

r.-    ^c    ai  *  V  J         J        erals  that  ordinarily  show  distinct 

Fig.  75.    Tetrahedron  and  n    i     i     . 

Tristetrahedron.  tctrahedral  forms.     Sphalente  oc- 

casionally exhibits  them,  but  commonly  its  crystals  are  quite 
complex  and  distorted. 

Characteristics  of  Isometric  Crystals. 

The  striking  characteristics  of  isometric  crystals  which  would 
aid  in  their  recognition  may  be  sunmiarized  as  follows: 

The  crystals  are  equidimensional  in  three  directions  at  right 
angles  to  each  other.  These  three  directions  in  crystals  of  the 
Normal  Class  are  axes  of  tetragonal  symmetry.  The  crystals 
coDMnonly  show  faces  that  are  squares  or  equilateral  triangles 
or  these  figures  with  truncated  comers.  They  are  characterized 
by  the  large  number  of  similar  faces,  the  smallest  number  on 
any  form  of  the  Normal  Class  being  six.  Every  form  by  itself 
would  make  a  solid. 

Important  Isometric  Angles.  Below  are  given  various  inter- 
facial  angles  which  may  assist  in  the  recognition  of  the  commoner 
isometric  forms: 

Cube (100)  A  cube  (010)  =  90"^ O'O". 

Octahedron  (111)  A  octahedron  (111)  =  70°  31'  44". 

Dodecahedron  (110)  A  dodecahedron  (101)  =  60""  0'  0". 

Cube  (100)  A  octahedron  (111)  =  54°  44'  8". 

Cube  (100)  A  dodecahedron  (110)  =  45°  0'  0". 

Octahedron  (111)  A  dodecahedron  (110)  =  35°  15'  52". 
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VI.  TETRAGONAL  SYSTEM. 
CryBtallogT&pliic  Asm.  The  crystallc^aphic  axes  of  the 
Tetragonal  System  are  three  in  number  and  make  right  angles 
with  each  other.  The  two  horizontal  axes  are  equal  in  length 
and  interchangeable,  but  the  vertical  axis  is  of  some  different 
length  which  varies  with  each  tetragonal  mineral.  Fig.  76 
represents  the  crystallographic  axes 
for  the  tetragonal  mineral  zircon. 
The  length  of  the  horizontal  axes  _ 
is  taken  es  unity,  and  the  relative 
length  of  the  vertical  axis  is  expressed 
in  terms  of  the  horizontal.  This 
length  has  to  be  determined  for  each 
tetragonal  mmeral  by  measuring  the  ^'  "■  Tett<«<.o»i  a».. 
interfacial  an^es  on  a  crystal  and  making  the  proper  calcu- 
lations. For  zircon  the  length  of  the  vertical  axis  is  expressed 
as  c  =  GMD.  The  proper  orientation  of  the  crystallographic 
axes  and  the  method  of  their  notation  is  like  that  of  the  Iso- 
metric System  and  is  shown  in  Fig.  76. 

Normal  Class. 
SjmiiietiT  and  Foims.    The  S3mimetry  of  the  Normal  Class 
of  the  Tetragonal  System  is  as  follows:   The  vertical  crystal- 
lographic axis  is  an  axis  ctf  tetragonal  symmetry.    There  are 


four  horizontal  axes  of  binary  symmetry,  two  of  which  are  coin- 
ddeat  with  the  crystallographic  axes,  while  the  other  two  bisect 
the  angles  between  these.    Fig.  77  shows  the  axes  of  symmetry. 
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There  are  four  vertical  and  one  horizontal  planes  of  qymmetTT. 
Each  vertical  plane  of  symmetry  passes  through  one  of  the 
horizontal  axes  of  symmetry.  The  position  of  the  planes  of 
symmetry  is  shown  in  Fig.  78. 

The  forms  of  the  Nonnal  Class,  Tetragonal  System,  are  as 
follows: 

1 .  Prism  of  First  Order.  The  prism  of  the  first  order  conasts 
of  four  rectangular  vertical  faces,  each  of  which  intersect  the 
two  horizontal  crystallt^aphic  axes  equally.  Its  symbol  is  (1 10) . 
The  form  is  represented  in  Fig.  79. 


Finil  Order  Prism. 


2.  frism  of  Second  Order.  The  prism  of  the  second  order 
conusts.of  four  rectangular  vertical  faces,  each  of  which  inter- 
sects one  horizontal  crystallographlc  axis  and  is  parallel  to  the 
other  two  axes.  Its  symbol  is  (100),  The  form  b  represented 
in  r^.  80. 

3.  DiUtragonal  Prism.  The  ditetragonal  prism  is  a  form  con- 
sisting of  eight  rectangular  vertical  faces,  each  of  which  inter- 
sects the  two  horizontal  crystallographlc  axes  unequally.  There 
are  various  ditetragonal  prisms,  depending  upon  their  differing 
relations  to  the  horizontal  axes.  The  symbol  of  a  common 
form  is  (210),  which  is  represented  in  Fig.  81, 

4.  Pyramid  of  First  Order.  The  pyramid  of  the  first  order  is  a 
form  consUting  of  eight  isosceles  triangular  faces,  each  of  which 
intersects  all  three  crystallographlc  axes,  the  intercepts  upon 
the  two  horizontal  axes  being  equal.    There  are  various  pyramids 
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of  the  first  order,  depending  upon  the  inclination  of  their  faces. 
The  unit  pyramid  which  intersects  all  the  axes  at  their  unit 
lengths  ia  the  most  common,  its  symbol  being  (111).  Symbols 
for  other  pyramids  of  the  first  order  are  (221),  (331),  (112), 
(113),  etc.     Fig.  82  represents  the  unit  pyramid  on  zircon. 

5.  Pyramid  of  Second  Order.  The  pyramid  of  the  second 
order  ia  a  form  composed  of  eight  isosceles  triangular  faces,  each 
of  which  intersects  one  horizontal  axis  aad  the  vertical  axis  and 
is  parallel  to  the  second  horizontal  axis.  There  are  various  pyra- 
mids of  the  second  order,  with  different  intersections  upon  the 
vertical  axis.     The  most  common  form  is  the  unit  pyramid. 


which  has  (101)  for  its  ssmibol.  Other  pyramids  of  the  second 
order  would  have  the  symbols  (201),  (301),  (102),  (103),  etc. 
Fig,  83  represents  a  unit  pyramid  of  the  second  order  upon 
zircon. 

6.  DitetragoTud  Pyramid.  The  ditetragonal  pyramid  is  a  form 
composed  of  sixteen  isosceles  triangular  faces,  each  of  which  in- 
tersects all  three  of  the  crystallographic  axes,  cutting  the  two 
horizontal  axes  at  different  lengths.  There  are  various  ditet- 
ragonal pyramids,  depending  upon  the  different  axial  intersec- 
tions possible.  One  of  the  most  common  is  the  pyramid  having 
(3111  tor  its  symbol.  This  is  shown  as  it  would  appear  upon 
lircon  in  Fig.  84. 
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7.  B(Kal  Pinaand.  The  basal  pinacoid,  basal  plane,  or  base, 
as  it  is  varioualy  called,  is  a  [onn  composed  of  two  horizontal 
faces.  Its  symbol  is  (001).  It  is  shown  in  combination  with  a 
prism  in  f^gs.  79,  SO  and  81. 


Fig.  92.    CunMrite.  Fie.  93.    Apophyllito.       Fig.  S4.    ApofdiyUit*. 

TetTogonal  Combinations.  The  different  pyramids  are  the 
only  tetragonal  forms  that  can  occur  alone,  and  even  they  are 
ordinarily  found  in  combination  with  other  forms.  Charaeter- 
istjc  combinations  are  represented  in  Figs.  85-94. 
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Spheacddal  Class. 

The  Sphenoidal  Class  corresponda  m  the  Tetragonal  System 
to  the  Tetrahedral  Class  in  the  Isometric  System.  It  is  charac- 
teiized  by  the  following  symmetry:  The  three  crystallc^raphic 
axes  are  axes  of  binary  symmetry  (see  Fig.  95),  and  there  are  two 
vertical  diagonal  planes  of  symmetry  (see  I^^.  96). 


Sphenoid.  The  charaeteiistic  form  of  the  class  is  known  as 
a.  sphenoid  (from  a  Greek  word  meaning  axlike).  It  consists  of 
four  isosceles  triangular  faces  which  intersect  all  three  of  the 
crystallograpbic  axes,  the  intercepts  on  the  two  horizontal  axes 
bring  equal.    The  faces  correspond  in  thdr  position  to  the  alter- 


nating faces  of  the  tetragonal  pyramid  of  the  first  order.  There 
may  be  different  sphentwds,  depending  upon  their  varying  inter- 
sections with  the  vertical  axes.  Two  different  sphenoids  are 
shown  in  Figs.  97  and  98.  There  may  also  be  a  positive  and  a 
n^ative  sphenoid,  the  combination  of  the  two  being  represented 
m  Fig.  99. 
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The  sphenoid  differs  from  the  tetrahedron  in  the  fact  t^  ito 
vertical  crystallographJc  axis  is  not  of  the  same  length  at  tbe 
horizontal  axes.  The  only  common  sphenoidal  mineral  is  clud- 
copyrite.  The  length  of  the  vertical  axis  in  chalcopyrite  is  vo; 
close  to  that  of  the  horizontal  axes,  c  =  0.985.  In  the  case  of 
the  miit  sphenoid,  therefore,  it  would  require  accurate  measuie- 
mente  in  order  to  differentiate  it  from  an  ifiometric  tetrahednm. 
Chalcopyrite  crystals  ordinarily  show  only  the  unit 
(Fig.  98),  but  at  tunes  show  a  ateeper  sphenoid  (Fig.  97). 


Tri-Pyraniidal  Class. 

Another  division  of  lower  symmetry  of  the  Tetragonal  Systas 
known  as  the  Tri-pjrramidal  Class.  It  is  characterized  by  & 
^^^■f:^  form  known  as  the  pyramid,  of  the  third  order. 
Tlus  form  consists  of  eight  faces  which  correspond 
in  their  position  to  one-half  of  tbe  faces  of  a  di- 
tetragonal  pyramid.  The  minerals  foimd  in  this 
class  are  few  and  rare.  Moreover,  their  crystals 
seldom  show  the  faces  of  the  pyramid  of  the  third 
order,  and  when  these  do  occur  they  are  usudl}' 
quite  small.  Therefore  it  seems  hardly  necessfuy 
in  this  place  to  consider  this  class  in  greater  det^ 
Fig.  100  is  of  a  crystal  of  scapoUte,  upon  which  the 
faces  of  the  third-order  pyramid  z  are  shown. 


Characteristics  of  Tetragonal  Crystals. 

/Since  the  only  common  tetragonal  mineral  that  does  not  be- 
long to  the  Normal  Class  is  chalcopyrite,  which,  moreover,  is  to 
be  easily  recognized  by  its  general  physical  characteristjcs,  we 
may  confine  ourselves  here  to  the  consideration  only  of  the 
crystals  of  the  Normal  Class. 

The  striking  characteristica  of  tetragonal  crystals  may  be 
summarized  as  follows:  One  axis  of  tetragonal  symmetiy;  tbe 
length  of  the  crystal  parallel  to  this  axis  is  usually  greats  or  len 
than  its  other  dimensions;  the  cross  section  of  a  crystal  when 
viewed  in  tbe  direction  of  the  axis  of  tetragonal  symmetry  con- 
aiata  usually  of  a  square  or  a  truncated  square. 
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Vn.   HEXAGONAL  SYSTEM. 

Crystallographic  Axes.  The  crystallographic  axes  of  the 
hexagonal  system  are  four  in  number.  Three  of  these  lie  in  the 
horizontal  plane,  while  the  fourth  is  vertical.  The  three  hori- 
zontal axes  are  of  equal  length  and  interchangeable.  They 
make  angles  of  60°  and  120°  with  each  other.  The  vertical  axis 
varies  in  its  relative  length  for  each  hexagonal  mineral,  and  this 
is  expressed  in  terms  of  the  length  of  the  horizontal  axes,  which 
is  taken  as  unity.  Thus  in  the  case  of  beryl,  the  vertical  axis, 
designated  as  c,  has  a  length  which  in  relation  to  the  length  of 
the  horizontal  axes  can  be  expressed  as  c  =  0.499. 
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Fig.  101. 


-c 
Fig.  102. 


Hexagonal  Axes. 


When  properly  orientated,  one  of  the  horizontal  crystallo- 
graphic axes  is  parallel  to  the  observer,  and  the  other  two  make 
60°  angles  on  either  side  of  a  line  perpendicular  to  him.  Fig. 
101  shows  the  proper  position  of  the  horizontal  axes  when 
viewed  in  the  direction  of  the  vertical  axis.  As  the  three  hori- 
zontal axes  are  interchangeable  with  each  other,  they  are  usually 
designated  ai,  Ot  and  as.  Note  that  ai  is  to  the  left  of  the  observer 
with  its  positive  end  at  the  front,  that  a^  is  parallel  to  the  ob- 
server and  its  positive  end  is  at  the  right,  while  a^  is  to  the  right 
of  the  observer  and  its  positive  end  is  at  the  back.  Fig.  102 
shows  the  four  axes  in  clinographic  projection.  In  giving  the 
mdices  of  any  face  upon  a  hexagoDal  crystal  four  nimibers  must 
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be  given,  emce  there  are  four  axes.  The  numbers  referring 
to  the  intercepts  of  the  fac«  with  the  three  horizontal  axes  ore 
given  first  in  their  proper  order,  while  the  number  referring  to 
the  intercept  on  the  vertical  axis  is  given  last. 

Honnal  Class. 
Symmstry  and  Jomu.  The  symmetry  of  the  Normal  CIttaa 
of  the  Hexagonal  System  is  as  follows:  The  vertical  crystallo- 
graphic  axis  is  an  axis  of  hexagonal  symmetry.  There  are  «a 
horizontal  axes  of  binary  symmetry,  three  of  them  being  coin- 
cident with  the  cryatallographic  axes  and  the  other  three  lyii^f 
midway  between  them  (see  Fig.  103).    There  is  a  horizontal 


plane  of  symmetry  and  six  vertical  planes  of  symmetry  (see 
Fig.  104).     The  forms  of  the  Normal  Class  are  as  follows: 

1.  Prism  of  First  Order.  This  is  a  form  consisting  of  tdx 
rectangular  vertical  faces  each  of  which  intersects  two  of-  the 
horizontal  crystallographic  axes  equally  and  is  parallel  to  the 
third.  F^.  105  shows  the  prism  of  the  first  order.  The  symbol 
for  the  form  is  (lOTO). 

2.  Prism  of  Second  Order.  This  is  a  form  con^sting  <A  ax 
rectangular  vertical  faces,  each  of  which  intersects  two  of  the 
horizontal  axes  equally  and  the  intermediate  horizontal  axis  at 
one-half  this  distance.  I^g.  106  shows  the  priam  of  the  Beoond 
order.    The  symbol  for  the  form  is  (1120). 
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3.  Dihexagowd  Priam.    The  dihexagonal  prism  has  twelve  rec- 
tai^lar  vertical  faces,  each  of  which  intersects  all  three  of  the 
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Priim  of  Firat  Ordsr. 


Fl«.  107. 
DibenkcoDftt  Prism. 


horizontal  crystallographic  axes  at  different  lengths.  There  are 
various  dihexagonal  prisms,  depending  upon  their  differing  rela- 
tions to  the  horizontal  axes.  The  Eiymbol  of  a  common  dihexago- 
s  (2130)  (see  Fig.  107). 


Pynmid  o(  Flnt  Older. 


4,  Pyramid  of  Firtt  Order.  This  form  consists  of  twelve 
isosceles  triai^ular  faces,  each  of  which  intersects  two  of  the 
horizontal  crystallographic  axes  equally,  is  parallel  to  the  third 
horizontal  axis  and  interaects  the  vertical  axis  (see  Fig.  108). 
There  are  various  pyramids  of  the  first  order  possible,  depending 
upon  the  inclinatjon  of  their  faces.  The  unit  form  would  have 
the  symbol  (lOll). 
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5.  Pyramid  of  the  Second  Order.  ThiB  is  a  form  (XHnposed  at 
twelve  isosceles  triangular  faces,  each  of  which  intersects  tvo  d 
the  horizontal  axes  equally,  the  third  and  intermediate  horiioo- 
tal  axis  at  one-half  this  distance,  and  also  intersects  the  verticil 
axis  (see  Fig.  109).  There  are  various  pyramids  of  the  second 
order  possible,  depending  upon  the  inclination  of  their  faces.  A 
common  form  would  have  for  its  symbol  (1122). 

6.  Dihexag&nal  Pyramid.  The  dihexagonal  pyramid  is  a  fonn 
of  twenty-four  isosceles  triangular  faces,  each  of  which  intersecta 
all  three  of  the  horizontal  axes  differently  and  intersects  also  the 
vertical  axis.  This  form  is  shown  in  Fig,  110.  There  are  differ- 
ent dihexagonal  pyramids  which  vary  in  their  intercepts,  one  <£ 
the  most  common  having  for  its  symbol  (2131). 

7.  Basal  Pinacoid.  The  basal  pioacoid  is  a  form  composed 
of  two  horizontal  faces.  It  is  shown  in  combin&tion  with  the 
different  prisms  in  Figs.  105, 106  and  107.    Ite  symbol  is  (0001). 


f^^ 


figs.  111-114  show  various  combinations  of  the  forms  of  this 
class. 

Tri-Pyramidal  ClasB. 

A  division  of  the  Hexagonal  System  showing  lower  symmetry 
than  that  of  the  Normal  Class  is  known  as  the  Tri-pyramidal 
Class.  It  has  a  vertical  axis  of  hexagonal  symmetry  and  a 
horizontal  plane  of  symmetry.  It  is  characterized  by  the  fonn 
known  as  the  pyramid  of  the  third  order.  This  form  consists 
of  twelve  faces,  which  correspond  in  their  position  to  one-half 
of  the  faces  of  a  dihexagonal  pyramid.    The  minerals  of  the 
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Apatite  Group  are  the  only  ones  of  importance  in  thia  class,  and 
upon  their  crystals  the  pyramid  o[  the  third  order  is  raidy  to  be 
seen.  When  it  is  observed  it  shows  usually  only  small  faces. 
Fig.  115  represento  a  complex  crystal  of  apatite  with  the  faces 
of  a  third-order  pyramid  (n)  upon  it. 


Elg.  110.    Zincite. 

Hemimoiphic  Class. 
The  crystals  of  eertam  rare  minerals  show  the  forms  of  the 
Normal  Class  but  with  hemimorphic  development.  A  hemi- 
morphic  crystal  is  one  that  shows  different  forms  or  combinations 
of  forms  at  the  oppo^te  ends  of  a  symmetry  a\]s  Fig.  116 
represents  a  crystal  of  zincite  with  a  pnam  terminated  by  a 
pyramid  above  and  a  basal  pinacoid  below 

Rhombohedral  Class.    Nonnal  Division. 
The  forms  of  this  class  are  to  be  referred  to  the  hexagonal 
ciystallographic  axes,  but  show  a  loner  symmetrj  than  those  of 
the  Normal  Class. 


Syminetry  and  Fomu.    The  vertical  crystallographic  axis 
is  one  of  trigonal  symmetry,  and  the  three  horizontal  crystallo- 
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graphic  axsa  are  axes  of  binary  symmetry  (see  Hg.  117).  Utere 
are  three  vertical  pliuiea  of  symmetry  bisecting  the  ang^  be- 
tween the  horizontal  axes  (see  Hg. 
118). 

1.  Rhombohedron.  The  rhombohe- 
dron  is  a  form  conidsting  of  ax  Asm- 
bic-shaped  faces,  which  correspond  io 
y  their  position  to  the  alternate  faces  of 
a  hexagonal  pyramid  of  the  first  order. 
The  relation  of  these  two  f  ormB  to  each 
other  is  shown  in  Fu;.  119.    Theremay 

Showing ReUtion  be-    ,        _  ,-~  .         -  ..  i-  ./ 

iweeu  Fint  Older  pymnid   be  two  different   onentationfi  w  the 

rhombohedron.     A   positive  rhomba- 

hedron  is  shown  in  Fig.  120  and  a  itegatim  rhombohedron  iu 

Fig.  121.     It  is  to  be  noted  that  when  properly  orientated  the 


Fi|.  121.    NegBtivB  RhombohedcoiL 


positive  rhombohedron  has  one  of  its  faces,  and  the  n^ative 
rhombohedron  one  of  its  edges,  toward  the  observer.  There 
are  various  rhombohedrons,  which  differ  from  each  other  in 
the  inclination  of  their  faces.  The  symbol  of  the  mut  positive 
rhombohedron  ia  (lOTl)  and  of  the  unit  negative  rhombohednm 
(OlTl).  Characteristic  combinations  of  positive  and  negative 
rhombohedrons  with  each  other  and  with  other  hexagonal  fonni 
are  shown  in  Figs.  122-130. 

2.  Scolenohedron.  This  form  consists  of  twelve  scalene  tri- 
angular faces.  These  faces  correspond  in  their  position  to  the 
alternate  pair's  of  faces  of  a  dihexagonal  pyramid.  The  relation 
of  the  two  forms  to  each  other  is  shown  in  Fig.  131.  The  striking 
characteristics  of  the  scalenohedron  are  the  zigzag  middle  edgu 


HEXAGONAL  SYSTEM 


MANUAL  OF  MINERALOGY 


Fie.  13S.    Tournuline.  Fis.  139.    ToumwliDe.      Fig.  1' 
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Wch  differentiate  it  from  an  ordinarj-  pyramid  and  the  alter- 
iting,  relatively  obtuse  and  acute  angles  over  the  edges  that 
ie«t  at  the  vertices  of  the  form.  There  are  many  different 
issibie  scalenohedrons,  ilepending  upon  the  varying  slope  of 
leirtaces.  A  common  scalenohedron  ha\'ing  the  symbol  (2131) 
represented  in  Fig.  132.  C'haraoteristic  pombinationa  of  sca- 
nohedroos  with  other  forms  are  sbowu  in  Kigs.  133-136. 

Rtaombohedral  Class.     Hemimorphic  Division. 

Tourmaline  crystals  show  the  forms  of  the  Rhombohedral 
has  but  with  hemimorphic  development.  They  are  alao  com- 
oniy  characterized  by  the  presence  of  tliree  faces  of  a  triangular 
isiu.  Fip.  137-140  represent  characteristic  hemimorpliic  tour- 
aline  crystals. 

Rhombohedral  Class.     Tri-Shombohedral  Division. 
This  is  a  subdivision  of  the  Rliombohedral  Class,  which  con- 
ins  only  a  few  and  rare  minerals.     It  is  characterized  by  the 
rms  known  as  the  rhombohedrona  of  the  second  and  third 
llers.    The  faces  of  a  second-order  rhombohedron  correspond 

position  to  one-half  the  faces  of  the  second-order  hexagonal 
■rainid,  and  those  of  the  third  order  to  one-quarter  of  the  faces 

the  dihexagonal  pyramid. 

Rhombohedral  Class.     Trapezohedral  Division. 

The  only  important  mineral  of  tliia  class  that  is  commonly 
imd  in  crystals  is  quartz,  and  its  crj'stals  as  a  rule  do  not  show 
rms  other  than  those  of  the  RJaombohedral  Class,  Normal 
iyision.  At  times,  however,  small  faces  may  occur  of  a  form 
Lowaasatrapezohedron,  which  shows  a  lower  symmetry.  This 
rm  has  six  faces,  which  correspond  in  their  position  to  one-quar- 
r  of  the  faces  of  a  dihexagonal  pyramid.  The  quartz  crystals 
H  said  to  be  right-  or  ieft-handed,  depending  upon  whether  these 
2fs  are  to  be  observed  truncating  the  edges  between  prism  and 
ombohedron  faces  at  t!ie  right  or  at  the  left.  Figs.  141  a 
2  represent  these  two  types. 
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Ricbt-hauded  Quartz.  Left-handed  QuBrti. 

Characteristics  of  Hexagonal  Crystals. 
Hexagonal  crystals  are  most  readily  recognized  by  the  follow- 
ing facta:  The  vertical  crystallographic  axis  is  one  of  ather 
hexagonal  or  trigonal  symmetry.  The  crystals  are  commonly 
prismatic  in  habit.  When  viewed  in  the  direction  of  the  verticsl 
axis,  they  usually  show  a  hexagonal  cross  section. 

vm.   ORTHORHOMBIC  SYSTEM. 

CrTStallogrftpMc    Axes.     The    crystallographic   axes  of  the 

orthorhombic  system  are    three  in  number.   ^  They  make  90° 

angles  with  each  other  and  are  of  unequal  lengths.     The  rela- 


'^ 1*' 


Fig.  H3,  Fin.  144. 

Orthorhombic  A.ea.  Aips  of  Symmetry. 

Orthorhombic  System. 
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tive  lengths  of  the  axes,  or  the  axial  ratio,  has  to  be  deter- 
mmed  for  each  orthorhombic  mineral.  Any  one  of  the  three 
axes  may  be  chosen  as  the  vertical  or  c  axis.  The  longer  of  the 
other  two  is  taken  as  the  6  axis  and  is  called  the  macro-axia. 
The  shorter  of  the  horizontal  axes  is  taken  as  the  a  axis  and  b 
called  the  brachy-axis.  The  length  of  the  b  axis  is  taken  as  unity 
and  the  relative  lengths  of  the  a  and  c  axes  are  given  in  terms 
of  it.  Fig.  143  represents  the  crystallographic  axes  for  the 
orthorhombic  mineral  sulphur,  whose  axial  ratio  would  be  as 
follows:  a  :  6  :  c  =  0.813  : 1 : 1.903. 

Normal  Class. 

Symxnetry  and  Fornu.  The  S3amnetry  of  the  Normal  Class, 
Orthorhombic  S3rstem,  is  as  follows:  The  three  crystallographic 
axes  are  axes  of  binary  sjomnetry  and  the  three  axial  planes  are 
planes  of  synmaetry  (see  Rgs.  144  and  145). 

1.  Pyramid.  An  orthorhombic  p3rramid  has  eight  triangular 
faces,  each  of  which  intersects  all  three  of  the  crystallographic 
axes.  There  are  various  different  pjo-amids  with  varying  inter- 
cepts on  the  axes.  A  unit  pjn-amid  (see  Fig.  146)  would  have 
for  its  symbol  (111). 


Fig.  146.    Pyramid. 


Fig.  147.    Prism  and  Base. 


2.  Priam.  An  orthorhombic  prism  has  four  vertical  rectan- 
gular faces,  each  of  which  intersects  the  two  horizontal  axes. 
There  are  various  prisms,  depending  upon  their  differing  rela- 
tions to  the  horizontal  axes.  A  unit  prism  (see  Fig.  147)  would 
have  for  its  symbol  (110). 
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3.  Macrodome.  A  macrodome  is  a  form  consisting  of  four 
rectangular  faces,  each  of  which  intersects  the  a  and  c  axes  and 
is  parallel  to  the  b  or  macro-axis.  It  is  named  from  the  axis  to 
which  it  is  parallel.  There  are  various  macrodomes  with  differ- 
ent axial  intercepts.  A  unit  form  (see  Fig.  148)  would  have 
for  its  symbol  (101). 


Fig.  148. 
Macrodome  and  Brachjrpinacoid. 


Fig.  149. 
Brachsrdome  and  Macropinacoid. 


4.  Brachydome,  The  brachydome  consists  of  four  rectangular 
faces,  each  of  which  intersects  the  b  and  c  axes  and  is  parallel 
to  the  a  or  brachy-axis.  There  are  various  brachydomes  with 
different  axial  intercepts.  A  unit  form  (see  Fig.  149)  would 
have  for  its  symbol  (Oil). 

5.  Macropinacoid.  The  macropinacoid  has  two  parallel  faces, 
each  of  which  intersects  the  a  axis  and  is  parallel  to  the  b  and  c 

axes.  It  derives  its  name  from  the 
fact  that  it  is  parallel  to  the  b  or 
macro-axis.  It  is  represented  in  Fig. 
150  and  its  symbol  is  (100). 

6.  Brachypinacoid.  This  is  a  form 
consisting  of  two  parallel  faces,  each 
of  which  intersects  the  b  axis  and  is 
parallel  to  the  a  (brachy)  and  the  c 
axes.  It  is  represented  in  Fig.  150 
and  its  symbol  is  (010). 
7.  Basal  Pinacoid.    The  basal  pinacoid  is  a  form  consisting 

of  two  horizontal  faces.    It  is  represented  in  Fig.  160  and  its 

symbol  is  (001). 


— J- 


100 


010 


Fig.  150. 

Macropinacoid,  Brachypinacoid, 
and  Basal  Pinacoid. 
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Combinationa,     Practically  all  orthorhombic  crsrstak  consist 
of  combinations  of  two  or  more  forms.    Characteristic  com- 
binations of  the  various  forms  are  given  in  Figs. 
7\   *^   161-161. 

Hemimorphic  Class. 

The  only  orthorhombic  mineral  of  importance 
belonging  to  this  class  is  calamine.     When  its 
crystals  are  doubly  terminated  they   show  dif- 
erent  forms  at  either  end  of  the  vertical  axis. 
Fig.  162.      Fig,  162  represents  a  characteristic  crystal. 

Calamioe. 

Characteristics  of  Orthorhombic  Crystals. 

The  most  distinguishing  characteristics  of  orthorhombic  crys- 
tals are  as  follows:  The  three  chief  directions  at  right  angles 
to  each  other  are  of  different  lengths.  These  three  directions 
are  axes  of  binary  symmetry.  The  crystals  are  commonly  pris- 
matic in  their  development  and  show  usually  cross  sections  that 
are  either  rectangles  or  truncated  rectangles. 


IX.  MONOCLINIC  SYSTEM. 

Crystallographic  Axes.  The  crystallographic  axes  of  the 
Monoclinic  System  are  three  in  number.  They  are  of  unequal 
lengths.  The  axes  a  and  b,  and  b  and  c,  make  90°  angles  with 
each  other,  but  a  and  c  make  some  oblique  angle  with  each 
other.  The  relative  lengths  of  the  axes  and  the  angle  between 
the  a  and  c  axes  vary  for  each  monoclinic  mineral  and  have  to  be 
determined  in  each  case  from  appropriate  measurements.  The 
a  axis  is  known  as  the  dino-axis^  while  the  6  axis  is  known  as 
the  ortho-axis.  The  length  of  the  b  axis  is  taken  as  unity  and  the 
lengths  of  the  a  and  c  axes  are  expressed  in  terms  of  it.  When 
properly  orientated  the  c  axis  is  vertical,  the  b  axis  is  horizontal 
and  parallel  to  the  observer,  and  the  a  axis  is  inclined  down- 
ward toward  him.  The  smaller  of  the  two  supplementary 
angles  that  a  and  c  make  with  each  other  is  designated  as  fi. 
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1%.  163  repreaenta  the  crystoUographic  axes  of  the  monodinic 
mineral  orthoclase,  the  axial  constante  of  which  are  expressed 
as  foUowB:  a:b:c  =  0.668;  1  :  0.555;  ^  -  63°  ST. 


/ 


r 


Fis.  183.    MoDocEinio  An*. 

Normal  Class. 
J  ftnd  FormB.     The  symmetry  of  the  Normal  Class 
of  the  Monoclinic  System  is  as  foUows:  The  cry  stall  ographic 
axis  &  is  an  axis  of  binary  symmetry  and  the  plane  of  the  a  and 


c  axes  is  a  plane  of  aymmetry  (see  Figs.  164  and  165).    The 
forms  are  as  follows; 

1.  Pyramid.  A  monoclinic  pyramid  is  a  form  consisting  of 
four  triangular  faces,  each  of  which  intersects  all  three  of  the 
crystallographic  axes.  There  are  different  pyramids,  depending 
upon  varyii^  axial  intercepts.  There  are,  further,  two  inde- 
pendent types  of  monoclinic  pyramids,  depending  upon  whether 
the  two  faces  on  the  upper  half  of  the  crystal  intersect  the 
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positive  or  the  n^ative  end  of  the  a  axis.  A  unit  pyramid  of 
the  first  of  these  types  is  shown  in  Fig.  166  and  has  for  its  symbol 
(III).  A  unit  pyramid  of  the  second  of  these  types  is  rq>re- 
sented  in  Fig.  167  and  has  for  its  symbol  (111).  Fig.  168  shom 
these  two  types  in  combination  with  each  other.  It  should  be 
emptiafiized  that  a  monoclinic  pyramid  consists  of  only  four 
faces,  two  of  which  are  to  l>e  found  intersecting  the  upper  end 
of  the  c  axis  and  the  other  two  intersecting  its  lower  end.  The 
two  types  described  above  are  entirely  independent  of  each  other; 


2.  Prism.  The  monoclinic  prism  has  four  vertical  n 
faces,  each  of  which  intersects  the  a  and  6  axes.  There  are 
various  prisms  with  different  axial  intereepta.  A  unit  prism  is 
represented  in  Fig.  169  and  has  for  its  symbol  (110). 

3.  Orthodome.  An  orthodome  consists  of  two  parallel  faces, 
each  of  which  intersects  the  a  and  c  axes  and  is  parallel  to  the  i 
or  ortho-axis.  Its  name  is  derived  from  that  of  the  axis  to  which 
it  is  parallel.  There  are  difFerent  orthodomes  with  differoit 
axial  intereepta.  There  are  also  two  distmct  and  independent 
types  of  orthodomes,  depending  upon  whether  the  face  upon  tlu 
upper  end  of  the  crystal  intersects  the  positive  or  n^ative  etd 
of  the  a  axis.  These  two  types  of  orthodomes  are  represented 
in  combination  in  Fig.  170,  but  it  should  be  emphasized  that  Voej 
are  entirely  independent  of  each  other.  The  symbol  of  the  unit 
orthodome  in  front  is  (101)  and  that  of  the  one  behind  is  (FOl). 

4.  Clinodome.  The  clinodome  is  a  form  having  four  faces, 
each  of  which  intersects  the  6  and  c  axes  and  is  parallel  to  the  a 
or  clino-axis.     There  are  various  clinodomes  with  differing  axial 
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iterceptfl.    A  unit  form  is  represented  in  Fig.  171  and  would 
ave  for  its  gymbol  (Oil). 

5.  Orthopinacoid.  The  orthopinacoid  has  two  parallel  faces, 
ach  of  which  intersects  the  a  axis  and  is  parallel  to  the  h  and  c 
Lxes.  It  derives  its  name  from  the  fact  that  it  ia  parallel  to  the 
I  or  ortho-axis.    It  is  represented  in  Hg.  171  and  its  i^ymbd  is 

;ioo). 

6.  Clinopinacoid.  The  clinopinacoid  consists  of  two  parallel 
iaces,  each  of  which  intersects  the  b  axis  and  is  parallel  to  the  a 
(clino)  and  the  c  axes.  It  is  represented  in  Fig.  170  and  its 
symbol  is  (010). 


7.  Baeal  Pinacoid.  The  basal  pinacoid  is  a  form  consisting 
of  two  paratid  faces,  each  of  which  intersects  the  vertical  axis 
and  is  parallel  to  the  a  and  b  ases.  It  is  represented  in  Fig.  169 
and  its  symbol  is  (001). 

Monodinic  Combinalions.  Characteristic  combinations  of  the 
forms  described  above  are  given  in  Figs.  172-179. 

Cliaracteristics  of  Monodinic  Crystals. 
Monoclinic  crystals  are  to  be  distinguished  ctiiefly  by  their 
low  symmetry.  The  fact  that  they  possess  but  one  plane  of 
symmetry  and  one  axis  of  binary  symmetry  at  right  angles  to 
it  would  serve  to  differentiate  them  from  the  crystals  of  all 
other  systems  and  classes.  Usually  the  inclination  of  the  crystal 
faces  which  are  parallel  to  the  clino-axis  is  noarked. 
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X.   TRICLINIC    SYSTEM. 

CrTBtallographio  Axes.    The  crystallographic  axes  of  the 
Tiiclinic  Systeiu  are  three  m  number.    Th^  are  e&  unequal 

lei^hs  and  make  oblique  angles  with  each  other.  The  axial 
directions  for  each  triclinic  mineral  are  chosen  arbitrarily,  but  in 
euch  a  way  as  to  yield  the  simplest  relations.  Any  one  of  than 
may  be  taken  as  c,  the  vertical  axis.  The  longer  of  the  other 
two  is  designated  as  the  h  or  macro-axis,  while  the  shorter  is 
called  a  or  the  brachy-axis.  The  relative  lengths  of  the  three 
axes  and  the  angles  which  they  make  with  each  other  have  to 
be  calculated  for  each  mineral  from  appropriate  measurements. 
The  anglee  which  the  different  axes  make  with  each  other  are 
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lesignated  respectively  aa  a,  0  and  y  (see  Fig.  180).  For  ex- 
imple,  the  crystal  constants  of  the  triclinic  mineral  axinite  are 
is  foUows:  a:b:c  =  0.482  : 1 :  0.480;  a  =  82°  64';  /S  =  91°  52'; 
y  =  131°  32'. 

Normal  Class. 

Symmetry  and  Fomu.  The  symmetry  of  the  Normal  Class 
of  the  Triclinic  System  consists  only  in  a  center  of  S3rmmetry 
(see  Fig.  5,  page  8).  It  has  no  axes  or  planes  of  symmetry. 
All  forms  of  the  Triclinic  System  consist  of  two  similar  and  paral- 
lel faces.  In  this  respect  all  triclinic  forms  might  be  spoken  of 
as  pinacoids. "  They  are,  however,  usually  designated  as  pyramids 
when  their  faces  intersect  all  three  axes,  as  prisms  or  domes 
when  they  intersect  two  axes  and  as  pinacoids  when  they  inter- 
sect but  one  axis. 


Fig.  180. 
Triclinio  Axes. 


Fig.  181. 
Pyramids. 


Fig.  182. 
Prisms  and  Basal  Pinacoid. 


1.  Pyramid.  A  triclinic  pyramid  consists  of  two  parallel 
faces,  each  of  which  intersects  all  three  crystallographic  axes. 
There  are  four  possible  tjrpes,  depending  upon  the  octants  in 
which  the  faces  lie.  Fig.  181  shows  a  combination  of  four  unit 
pyramids. 

2.  Prisms.  A  triclinic  prism  consists  of  two  parallel  faces, 
each  of  which  intersects  the  a  and  b  axes  and  is  parallel  to  the 
c  axis.  There  are  two  possible  types,  a  combination  of  which 
is  shown  in  Fig.  182. 

3.  Domes.  A  triclinic  dome  consists  of  two  similar  parallel 
faces,  each  of  which  intersects  the  c  axis  and  either  the  a  or  6 
axes  and  is  parallel  to  the  other.  They  are  spoken  of  as  either 
macro-  or  brachydomes,  depending  upon  the  axis  to  which  they 
are  parallel.    There  are  two  types  of  each.    Fig.  183  represents 
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a  combination  of  the  two  types  of  macrodome  and  Hg.  184  ■ 
combination  of  the  two  brachydomes. 


4.  Pinacoida.  A  tridinic  pinacoid  is  a  form  comusting  of  two 
parallel  faces,  each  of  which  intersects  one  cryBtallograpMc  iuds 
and  is  parallel  to  the  other  two.  They  arc  designated  as  tbs 
macropinacoid  with  the  symbol  (100),  as  the  brachypinacdd 
with  the  symbol  (010),  and  as  the  basal  pinacoid  with  the  symbol 
(001).     A  combination  of  the  three  forms  is  shown  in  Fig.  185. 

TricUnic  ConAiTtalions.  Figa.  18&-188  represent  eharacterietie 
triclintc  crystals. 

Characteristics  of  Triclinic  Crjrstals. 
There  are  only  a  few  triclinic  minerals  and  they  seldom  show 
distmct  and  well-developed  crystals.  When  such  crystab  do 
occur  they  are  to  be  recognized  by  the  fact  that  they  have  no 
plane  or  axis  of  symmetry  and  by  the  fact  that  each  form  conosts 
of  only  two  similar  and  parallel  faces. 


[I.    GENERAL    PHYSICAL    PROPERTIES 

OF  MINERALS. 

I.   STRUCTURE  OF  MINERALS. 

If  by  the  phrase  "structure  of  minerals*'  is  meant  their  internal 
or  molecular  structure,  all  minerals  may  be  included  in  one  of 
two  classes:  (1)  Crystalline;  (2)  Amorphous,  With  only  a  few 
exceptions,  minerals  are  crystalline  in  their  structure.  This  does 
not  signify,  however,  that  these  minerals  necessarily  occur  in 
distinct  crystals,  but  only  that  their  internal  structure  is  such 
that  they  may  under  favorable  circumstances  definitely  crystal - 
hze.  The  few  mineral  species  that  are  classified  as  amorphous 
possess  no  regular  internal  structure  and  therefore  cannot  crys- 
tallize. 

Commonly,  however,  the  expression  "structure  of  minerals'* 
refers  to  their  outward  shape  and  form.  Various  descriptive 
terms  are  used  in  this  connection  that  will  need  short  definitions. 

1.  When  a  mineral  consists  of  distinct  crystals  the  follow- 
incT  terms  may  be  used: 

a.  Crystallized,    In  definite  crystals  (see  A,  pi.  II). 

b.  Acicular.    In  slender  needlelike  crystals.. 

c.  Capillary.    In  hairlike  crystals. 

d.  Filiform,    In  threadhke  crystals. 

e.  Dendritic,  Arborescent,  in  slender  divergent  branches, 
somewhat  plantlike,  made  up  of  more  or  less  distinct  crystals. 

f.  Reticidaled,    Latticelike  groups  of  slender  crystals. 

g.  DivergerU  or  Radiated,     Radiating  crystal  groups  (see  C, 

pi.  II). 

h.  Drusy.  A  surface  is  drusy  when  covered  with  a  layer  of 
very  small  crystals. 
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2.  Whan  a  mineral  consists  of  columnar  individuals  tin 
following  terms  may  be  used: 

a.  Columnar,    In  stout  columnlike  individuals. 

b.  Fibrous.  In  slender  columnar  individuals.  The  fim 
may  be  parallel  or  radiated  (see  D,  pi.  II.) 

c.  SteUated.  When  the  radiating  individuals  form  stailike  or 
circular  groups. 

d.  Globular,  When  the  radiating  individuals  fpim  ephaicBl 
or  hemispherical  groups. 

e.  Botryoidal,  When  the  globular  forms  are  in  groups.  The 
word  is  derived  from  the  Greek  for  a  ''bunch  of  grapes''  (see 
B,  pi.  III). 

f.  Reniform  or  MammiUary,  When  a  mineral  is  in  broad 
rounded  masses  resembling  in  shape  either  a  kidney  or  mamms 
(see  A,  pi.  III). 

3.  When  a  mineral  consists  of  scales  or  lamellae. 

a.  Foliated,  When  a  mineral  separates  easily  into  plates  or 
leaves. 

b.  Micaceous.  Similar  to  foliated  but  the  mineral  can  be  split 
into  exceedingly  thin  sheets,  as  in  the  micas. 

c.  Lamellar  or  tabular.  When  a  mineral  consists  of  flat  plate- 
like individuals  superimposed  upon  and  adhering  to  each  other. 

d.  Plumose,  Consisting  of  fine  scales  with  divergent  or 
featherlike  structure. 

4.  When  a  mineral  consists  of  grains. 

Coarse  to  fine  granular.  When  a  mineral  coiUDfltB  of  an 
aggregate  of  large  or  small  grains. 

5.  Miscellaneous. 

a.  Compact  —  Earthy,  A  uniform  aggregate  of  esoeedin^ 
minute  particles. 

b.  Stalactitic.  When  a  mineral  has  the  shape  of  <^^inder8  or 
cones  which  have  been  formed  by  deposition  from  mineral- 
bearing  waters  dripping  from  the  roof  of  some  cavity  (see  B, 
pi.  II). 

c.  Concentric.  Consisting  of  more  or  less  circular  layers  8upe^ 
imposed  upon  one  another  about  a  common  center  (see  C, 
pi.  III). 
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d.  Bajided.  When  a  minenil  occurs  ia  aarrow  parallel  bands 
i  different  color  or  texture. 

e.  Geodes.  When  a  cavity  has  been  lined  by  the  deposition 
f  mineral  material  but  not  wholly  filled,  the  more  or  less  Bpherical 
mineral  shell  is  called  a  geode.  The  mineral  is  often  banded 
wing  to  Bucceeave  depodtions  of  the  material,  and  the  inner 
urface  is  frequently  covered  with  projecting  crystals. 

f-  Massive.  Whra  a  mineral  is  composed  of  compact  material 
^th  an  irregular  form  and  does  not  show  any  peculiar  structure 
■Ice  those  described  above,  it  is  sud  to  be  massive. 

n.  CLEAVAGE,  PARTING  AND  FRACTURE. 

1.  Clsavacs.  If  a  mineral,  when  the  proper  force  is  applied, 
>Waka  BO  that  it  shows  definite  plane  surfaces,  it  is  said  to  possess 
■  oleavf^.  These  cleave^  surfaces  resemble  natural  crystal 
Bees.  They  are  always  parallel  to  some  possible  crystal  face, 
nd  usually  to  one  having  ample  relations  to  the  crystallographic 
MS.  They  may  be  perfect,  as  in  the  cases  of  the  micas,  calcite, 
ypeum,  etc.,  or  they  may  be  more  or  less  obscure.    Cleavage  is 

lie  to  the  fact  that  in  the  mineral  _  ^     ^       

ructure  there  is  a  certiun  plane  or 
anes  aloi^  which  the  molecular  co- 
fflon  is  weaker  than  in  other  direc- 
ts. All  minerals  do  not  show 
^vage,  and  only  a  comparatively 
w  show  it  in  an  eminent  degree, 
le  quality  of  the  cleavage  and  its  t 
ystallographic  direction  are  often 
iportant  luds  in  the  identification  of  ^^  i**-  Cubic  ciaavnge  - 
mineraL  The  cleavage  of  a  mineral 
described  according  to  the  crystal  face  to  which  it  is  parallel, 

cubic  cleavage  (galena,  halite)  (see  Fig.  189),  octahedral 
^vage  (fluorite),  dodecahedral  cleavage  (sphalerite),  rhombo- 
idral  cleavage  (calcite),  prismatic  cleavage  (amphibole),  basal 
»vage  (topaz),  pinacoidal  cleavage  (stibnite),  etc. 
2.  Parting.  Cert^  minerals  when  subjected  to  a  strain  or 
eseure  develop  planes  of  molecular  weakness  along  which  they 
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may  sulisequently  be  broken.  When  plane  surfaces  are  produced 
on  a  minerul  in  this  way  it  is  Boid  to  have  a  parting.  This 
phenomenon  resembles  cleavage,  but  ia  to  bo  distinguished  from 
it  by  the  facta  that  not  every  specimen  of  a  certain  Duneral  will 
exhibit  it,  but  only  those  specimens  which  Imve  been  subjected 
to  the  proper  pressure,  and  that  even  in  these  specimens  there 
are  only  certain  planes  in  the  given  direction  along  which  the 
mineral  will  break.  In  the  case  of  cleavage,  every  specimen  of  the 
mineral  will  in  general  show  it,  and  it  can  be  produced  in  a  given 
direction  in  all  parts  of  a  crystal.  Familiar  esamples  of  part- 
ing are  the  cnses  of  the  octahedral  parting  of  magnetite,  the  basal 
parting  of  pjToxene  and  the  rhombohedral  parting  of  corundum. 
3.  Fracture.  By  the  fracture  of  a  mineral  is  meant  the  way 
not  show  plane  surfaces  as  in 
cleavage  or  parting.  The  fol- 
lowing terms  are  commoalj' 
used  to  designate  different  aals 
of  fracture : 

a.  Conckoidal.  When  the 
fracture  has  smooth,  cun^ed 
surfaces  like  the  interior  surface 
of  a  shell  it  is  said  to  be  oon- 
choidal  (see  Fig.  190).  Hus 
is  most  commonly  observed 
in  sue!)  substances  as  glaa, 
quartz,  etc. 

b.  Fihrom  or  S'plinlery.  When  the  mineral  breaks  showini 
splinters  or  fibers. 

c.  Hackly.  When  the  mmeral  breaks  with  a  ja^ed,  irregular 
surface  with  sharp  edges. 

d.  Uneven  or  Irregiitar.  When  the  mineral  breaks  into  rough 
and  irregular  surfaces. 

in.    HARDNESS    OF   MINERALS. 

Minerals  vary  quite  widely  in  their  hardness,  and  a  determi- 
nation  of  their  degree  of  hardness  is  often  an  important  aid  lo 
their  identification.     A  scries  of  minerals  has  been  chosen  as  & 
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ale  by  comparison  with  which  the  relative  hardness  of  any 
dneral  may  be  told.  The  scale  consists  of  crystallized  varieties 
[  the  following  minerals,  each  species  being  harder  than  those 
•recedmg  it  in  the  scale. 

Scale  of  Hardness. 

1.  Talc.  4.  Fluorite.  8.  Topaz. 

2.  Gypsum.  5.  Apatite.  9.  Corundum. 

3.  Calcite.  6.  Orthoclase.       10.  Diamond. 

7.   Quartz. 

In  order  to  determine  the  relative  hardness  of  any  mineral  in 
terms  of  this  scale,  it  is  necessary  to  find  which  ones  of  these 
minerals  it  can  and  which  it  cannot  scratch.     In  making  the 
determination  the  following  precautions  should  be  observed: 
Sometimes  when  a  mineral  is  softer  than  another,  portions  of 
the  first  will  leave  a  mark  on  the  second  which  may  be  mis- 
taken for  a  scratch.    It  can  be  rubbed  off,  however,  while  a 
true  scratch  will  be  permanent.    Some  minerals  are  frequently 
altered  on  the  surface  to  material  which  is  much  softer  than  the 
original  mineral.    A  fresh  surface  of  the  specimen  to  be  tested 
should  therefore  be  used.    Sometimes  the  physical  structure  of 
a  mineral  may  prevent  a  correct  determination  of  its  hardness. 
For  instance,  if  a  mineral  is  pulverulent,  granular  or  splintery 
in  its  structure,  it  may  be  broken  down  and  apparently  scratched 
by  a  mineral  much  softer  than  itself.     It  is  always  advisable 
when  making  the  hardness  test  to  confirm  it  by  reversing  the 
order  of  procedure. 

The  following  materials  may  serve  in  addition  to  the  above 
scale:  The  fiinger  nail  is  a  little  over  2  in  hardness,  since  it  can 
scratch  gypsum  and  not  calcite.  A  cent  is  about  3  in  hardness, 
since  it  can  just  scratch  calcite.  The  steel  of  an  ordinary  pocket- 
knife  is  just  over  5,  and  ordinary  window  glass  has  a  hardness  of 

5.5. 

Crystals  frequently  show  different  degrees  of  hardness,  depend- 
ing upon  the  direction  in  which  they  are  scratched.  Ordinarily 
the  difference  is  so  small  that  it  can  be  detected  only  by  the  use 
of  delicate  instruments. 
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IV.  TENACITY  OF  MINERALS. 

The  following  terms  are  used  to  describe  various  kinds  d 
tenacity  in  minerals: 

1.  Brittle.    When  a  mineral  breaks  or  powders  easily. 

2.  Malleable.    When  a  mineral  can  be  hammered  out  into 
thin  sheets. 

3.  Sectile.    When  a  mineral  can  be  cut  into  thin  shavinga 
with  a  knife. 

4.  Flexible.    When  a  mineral  bends  but  does  not  resume  its 
original  shape  when  the  pressure  is  released. 

5.  Elastic.    When,  after  being  bent,  the  mineral  will  resume 
its  original  position  upon  the  release  of  the  pressure. 


V.   SPECIFIC   GRAVITY  OF  MINERALS. 

The  specific  gravity  of  a  mineral  is  a  number  which  expresses 
the  ratio  existing  between  its  weight  and  the  weight  of  an  equiva- 
lent volume  of  water.  If  a  mineral  has  a  specific  gravity  of  2, 
it  means  that  a  given  specimen  of  that  mineral  weighs  twice 
as  much  as  the  same  volume  of  water.  The  specific  gravity  of 
a  mineral  which  does  not  vary  in  its  composition  is  a  constant 
factor,  the  determination  of  which  is  frequently  an  important 
aid  to  its  identification. 

After  a  little  experience  one  can  frequently  judge  quite  accu- 
rately the  specific  gravity  of  a  mineral  by  weighing  it  in  the  hand 
Minerals  containing  the  heavy  metals  hke  lead,  copper,  iron,  etc., 
can  be  at  once  differentiated  from  those  containing  lighter  de- 
ments by  this  means.  And  by  practice  one  can  become  expert 
enough  to  be  able  to  distinguish  from  each  other  minerals  that 
have  comparatively  small  differences  in  specific  gravity;  for 
instance,  topaz  (sp.  gr.  =  3.52)  from  orthoclase  (sp.  gr.  =  2.57), 
and  fluorite  (sp.  gr.  =  3.18)  from  quartz  (sp.  gr.  =  2.6). 

In  order  to  accurately  determine  the  specific  gravity  of  a 
mineral,  the  following  conditions  must  be  observed:  The  mineral 
must  be  pure.    It  must  also  be  solid,  with  no  cracks  or  cavities 
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ritbin  which  bubbles  or  filma  of  air  could  be  imprisoned.  The 
ragment  used  should  be  reasonably  large,  about  one  cubic  inch 
>eing  a  convenient  «ze.  If  these  conditions  cannot  be  met, 
t  is  of  little  use  to  attempt  a  specific  gravity  detennination  by 
wy  rapid  and  simple  method. 

The  necessary  steps  in  making  an  ordinary  spedfio  gravity 
[ktemiination  are  briefly  afi  follows :  The  mineral  is  first  weighed 
in  air.  Let  this  weight  be  represented  by  z.  It  is  then  immersed 
in  water  and  weighed  ^aih.  Under  these  conditions  it  wdghs 
less,  fdnee  any  obiect  immersed  in  water  is  buoyed  up  by  a  force 
equivalent  to  the  weight  of  the  water  displaced.  Let  the  w^ght 
in  water  be  represented  by  y.  Then  x  —  y  equals  the  loss  of 
wdght  caused  by  immersion  in  water,  or  the  weight  of  an  equal 


volume  of  water.    The  expression  - 


t-y 


will  therefore  yield  a 
number  which  is  the  specific  gravity  of  the  mineral. 

The  specific  gravity  of  a  mineral  may  be  determined  in  various 
ways,  those  most  commonly  used 
being  described  bdow. 

1.  By  Houu  of  a  Ghsmical 
Balance.  The  most  accurate 
method  of  determining  the  specific 
gravity  of  a  mineral  is  by  the  use 
of  a  chemical  balance..  To  one 
beam  of  the  balance  ia  suspended 
a  wire  basket  which  is  so  arranged 
that  it  can  be  immersed  in  a  beaker 
of  water  (see  Fig.  191).  The  bas- 
ket is  hung  in  the  water  and  then 
counterbalanced  by  weights  on  the 
oppofflte  pan  of  the  balance.  The 
mineral  specimen  to  be  tested,  hav- 
ing been  first  weighed  on  the  bal-  , 
ance  in  the  ordinary  fashion,  is  now 
placed  in  the  basket  under  the  water  Fit- i»i. 

and  weighed  agun.    These  two  weights  are  the  necessary  data 
for  calculating  the  specific  gravity  as  explained  above. 
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2.  By  Means  of  a  Jolly  Balance.  Fig.  192  represents  the  bal- 
ance of  JoUy,  by  which  the  specific  gravity  is  measured  through 

the  stretching  of  a  spiral  wire  spring.  From 
the  spring  is  suspended  two  small  ipetal  pans 
(c  and  d)f  one  above  the  other.  The  ap- 
paratus is  so  arranged  that  the  lower  pan 
{d)  is  alwa3n3  immersed  in  a  beaker  of  water 
which,  resting  upon  the  adjustable  platfonn 
By  can  be  placed  at  any  required  height.  On 
the  side  of  the  upright  A,  which  faces  the 
spiral  wire,  there  is  a  mirror  with  a  gradu- 
atcd  scale  engraved  upon  it.  The  position 
of  the  balance  is  determined  by  means  of  a 
small  bead  (m)  which  is  strung  on  the  wire 
above  the  upper  pan  and  which  serves  as  an 
indicator.  The  eye  is  brought  into  such  a 
position  that  the  bead  exactly  covers  its 
image  in  the  mirror,  and  its  position  is  then 
determined  by  means  of  the  scale. 

Three  readings  must  be  taken:  first,  mmidy 
the  position  of  the  balance  with  the  lowtf 
Fig.  192.  pan  in  the  water,  x\  second,  its  position 

when  the  mineral  is  placed  in  the  upper  pan,  y\  and  third,  its 
position  when  the  mineral  is  in  the  lower  pan  and  covered  with 
water,  z.  The  platform  B  with  the  beaker  of  water  must  be 
properly  adjusted  for  each  of  these  readings  so  as  to  always  have 
the  lower  pan  immersed  in  the  water.  The  expression  a?  —  y 
will  give  a  number  representing  the  weight  of  the  mineral  in  wr, 
while  X  —  z  will  yield  a  number  corresponding  to  its  weight  in 
water.  From  these  values  the  specific  gravity  of  the  mineral 
can  be  calculated  as  described  above. 

3.  By  Means  of  a  Beam  Balance.  This  is  a  very  convenient 
and  quite  accurate  method  of  determining  specific  gravity.  The 
balance  illustrated  in  Fig.  193  was  devised  by  S.  L.  Penfield, 
who  describes  its  operation  as  follows: 

"The  beam  of  wood  is  supported  on  a  fine  wire,  or  needle,  at 
6  and  must  swing  freely.     The  long  arm  he  is  divided  into  a 
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decimal  scale,  commencu^  at  the  fulcrum  b;  the  abort  arm  car- 
ries a  double  arrangement  of  pans  so  suspended  that  one  of  tbem 
is  in  the  air  and  the  other  in  water.  A  piece  of  lead  on  the  short 
arm  serves  to  almost  balance  the  long  ann,  and,  the  pans  being 
empty  the  beam  is  brought  to  a  horizontal  position,  marked 
upon  the  upright  near  c  b\  mean.i  of  a  rider  d.  A  number  of 
counterpoises  are  needed  which  do  not  have  to  be  of  any  apedRc 


Fig.  193. 


denomination,  as  it  is  their  poaition  on  the  beam  and  not  their 
actual  weight  which  ia  recorded.  The  beam  being  adjusted  by 
means  of  the  rider  d,  a  fragment  of  the  mineral  is  placed  in  the 
upper  pan  and  a  counterpoise  is  chosen,  which,  when  placed 
near  the  end  of  the  long  arm,  will  bring  it  into  a  horizontal 
position.  The  weight  of  the  mineral  in  air  is  given  by  the  posi- 
tion of  the  counterpoise  on  the  scale.  Tlie  mineral  is  next 
transferred  to  the  lower  pan,  and  the  same  counterpoise  is 
brought  nearer  the  fulcrum  b  until  the  beam  becomes  again 
horizontal,  when  its  position  gives  the  weight  of  the  mineral  in 
water."  From  these  two  values  the  specific  gravity  of  the  min- 
eral can  be  calculated. 


VI.   PROPERTIES  DEPENDING  UPON  LIGHT. 

A.  Luster. 

The  luster  of  a  mineral  ia  its  appearance  due  to  the  efTect  of 
light  upon  it.  In  general  we  divide  minerals  into  three  classes 
depending  upon  their  luster,  namely,  metallic  luster,  submetallic 
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luster  and  nonmetallic  luster.  A  mineral  having  the  appearance 
of  a  metal  like  lead  or  copper  is  said  to  have  a  metallic  lust^. 
The  term  is  further  defined  by  saying  that  a  mineral  with  a 
metallic  luster  is  strictly  opaque  to  light  when  examined  on  its 
thinnest  edges.  The  metallic  luster  of  a  mineral  can  be  proved 
by  observing  the  color  of  its  powder.  If  the  powder  is  black 
or  very  dark  in  color,  it  means  that  each  little  particle  of  the 
mineral  is  still  opaque  to  light,  and  therefore  the  mineral  has  a 
metallic  luster.  This  test  is  made  usually  by  the  aid  of  what 
is  called  a  streak  plate.  This  consists  of  a  piece  of  unglazed 
white  porcelain  upon  which  the  mineral  is  rubbed  so  that  a 
streak  of  its  powder  is  formed  upon  the  plate.  The  color  of  this 
'' streak''  of  the  mineral,  as  it  is  called,  will  determine  its  luster 
and  also  frequently  will  materially  help  in  its  identification. 
Examples  of  minerals  with  metallic  luster  would  be,  galena, 
PbS,  with  a  bluish  gray  streak;  pyrite,  FeSa,  with  a  black  streak; 
chalcopyrite,  CuFeSa,  with  a  greenish  black  streak;  and  hema- 
tite, FeaOa,  with  a  dark  reddish  brown  streak. 

Nonmetallic  Luster.  Minerals  with  a  nonmetallic  luster  are 
transparent  to  light  on  their  thin  edges.  In  general  they  are 
light  colored,  but  not  necessarily  so.  When  a  streak  is  obtained 
from  a  nonmetallic  mineral,  it  is  either  colorless  or  very  light  in 
color.  Various  descriptive  terms  are  used  to  further  describe 
the  appearance  of  nonmetallic  minerals,  the  more  common  being 
as  follows: 

Vitreous.    Having  the  luster  of  glass.    Example,  quartz. 

Resinous.  Having  the  appearance  of  resin.  Example,  sphal- 
erite. 

Pearly.  Having  the  appearance  of  pearl.  This  is  usually 
observed  in  minerals  on  surfaces  that  are  parallel  to  cleavage 
planes.     Example,  basal  plane  on  apophyllite. 

Greasy.  Looking  as  if  covered  with  a  thin  layer  of  oil.  Ex- 
amples, some  specimens  of  sphalerite  and  massive  quartz. 

Silky.  I^ike  silk.  It  is  the  result  of  a  fine  fibrous  structure. 
Examples,  fibrous  malachite,  serpentine,  etc. 

Adamantine.  Having  a  hard,  brilliant  luster  like  that  of  a 
diamond.    It  is  due  to  the  mineral's  high  index  of  refraction 
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(see  p.  71).    The  transparent  lead  minerals,  like  cerussite  and 
anglesite,  show  it. 

Subxnetallic  Luster.  There  is  no  sharp  divisional  line  between 
minerals  with  metallic  and  those  with  nonmetallic  luster,  and  the 
group  of  minerals  lying  between  is  said  to  have  a  submetallic 
luster.  They  show  a  colored  streak,  but  one  which  is  not  black 
or  very  dark  in  color.  Examples  of  minerals  with  submetallic 
luster  are  limonite  and  some  of  the  darker  varieties  of  sphalerite. 

B.  Color  of  Minerals. 

The  color  of  minerals  is  one  of  their  most  important  physical 
properties.  In  the  case  of  many  minerals,  especially  those 
showing  a  metallic  luster,  color  is  a  definite  and  constant  prop- 
erty and  will  serve  as  an  important  means  of  identification. 
For  example,  the  brass-yellow  color  of  chalcopyrite,  the  blue- 
gray  of  galena,  the  black  of  magnetite,  the  green  of  malachite, 
etc.,  is  in  each  case  a  striking  property  of  the  mineral.  It  is  to 
be  noted,  however,  that  surface  alterations  may  change  the  color 
even  in  minerals  whose  color  is  otherwise  constant.  This  is 
shown  in  the  yellow  tarnish  frequently  observed  on  pyrite  and 
marcasite,  the  purple  tarnish  on  bornite,  etc.  In  noting  the 
color  of  a  mineral,  therefore,  a  fresh  surface  should  be  examined. 
Many  minerals,  however,  do  not  show  a  constant  color  in  their 
different  specimens.  This  variation  in  color  in  the  same  species 
may  be  due  to  different  causes.  A  change  in  color  is  often  pro- 
duced by  a  change  in  composition.  The  progressive  isomor- 
phous  replacement  of  zinc  by  iron  in  sphalerite  (see  page  77) 
will  change  its  color  from  white  through  yellow  and  brown  to 
black.  The  minerals  of  the  Amphibole  Group  show  a  similar 
variation  in  color.  The  amphibole  trcmolite,  which  is  a  silicate 
with  only  calcium  and  magnesium  as  bases,  is  very  light  in  color, 
at  times  almost  white;  while  actinolite  and  hornblende,  which 
are  amphiboles  that  contain  increasing  amounts  of  iron,  range  in 
color  from  green  to  black.  Again,  a  mineral  may  show  a  wide 
range  of  color  without  any  apparent  change  in  composition. 
Fluorite  is  a  striking  example  of  this,  since  it  is  found  in  crystals 
that  are  colorless,  white,  pink,  yellow,  blue,  green,  etc.    Such 
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extreme  cases  are,  however,  rare.  Minerals  are  also  frequ^tly 
colored  by  various  impurities.  The  red  variety  of  quartz,  known 
as  jasper,  is  colored,  by  small  amounts  of  hematite.  From  the 
above  it  is  seen  that,  while  the  color  of  a  mineral  is  one  of  its  m- 
portant  physical  properties,  it  is  not  always  constant,  and  must 
therefore  often  be  used  with  some  caution  in  the  identification 
of  a  species. 

Play  of  Colors.  Iridescence,  Opalescence,  etc.  A  mineral  is 
said  to  show  a  'play  of  colors  when  on  turning  it  several  prismatic 
colors  are  seen  in  rapid  succession.  This  is  to  be  seen  especially 
in  the  diamond  and  precious  opal.  A  mineral  is  said  to  show 
a  change  of  color  when  on  turning  it  the  colors  change  slowly, 
being  different  for  varying  positions.  This  is  observed  in  labra- 
dorite.  A  mineral  is  iridescent  when  it  shows  a  series  of  pris- 
matic colors  in  the  interior  of  the  crystal  or  on  the  surface.  It 
is  usually  caused  by  the  presence  of  small  fractures  or  cleavage 
planes  which  serve  to  break  up  the  light  into  the  prismatic  colors. 
Opalescence  is  a  milky  or  pearly  reflection  from  the  interior  of 
a  specimen.  It  is  observed  at  times  in  opal  and  cat's-eye.  A 
mineral  is  said  to  show  a  tarnish  when  the  color  of  the  surface 
differs  from  that  of  the  interior. 

Asterism.  Some  crystals,  especially  those  of  the  Hexagooal 
System,  when  viewed  in  the  direction  of  the  vertical  axis,  present 
starlike  rays  of  light.  This  arises  from  peculiarities  of  texture 
along  the  axial  directions,  or  from  some  inclusions.  A  remark- 
able example  is  the  star  sapphire. 

Phosphorescence.  Several  minerals  when  rubbed  or  heated 
give  out  light.  This  property  is  known  as  phosphorescence. 
Fluorite  often  shows  phosphorescence  when  fragments  are  gently 
heated.  The  color  of  the  emitted  light  may  be  green,  purple, 
rose,  yellow,  etc. 

C.  Refraction  of  Light  in  Minerals. 

When  light  comes  into  contact  with  a  transparent  mineral, 
part  of  it  is  reflected  from  the  surface  of  the  mineral  and  part 
enters  the  mineral.  The  light  which  enters  the  mineral  is  in 
general  refracted.    When  light  passes  from  a  rarer  into  a  denser 
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mediiim,  as  in  the  case  of  passing  from  air  into  a  mineral,  its 
velocity  is  retarded.  This  change  in  velocity  is  accompanied 
by  a  corresponding  change  in  the  direction  in  which  the  light 
travels,  and  it  is  this  change  in  direction  of  propagation  that  is 
known  as  refraction  of  light.  The  amount  of  refraction  of  a 
given  light  ray  is  directly  proportional  to  the  ratio  existing  be- 
tween the  velocity  of  light  in  air  and  in  the  mineral.  The  ratio 
between  these  two  velocities  is  known  as  the  index  of  refraction 
of  the  mineral  and  is  designated  by  n.  That  is,  if  the  index  of 
refraction,  or  n,  of  a  mineral  is  2,  light  will  travel  in  it  with  one- 
half  the  velocity  it  has  in  air. 

In  Fig.  194  let  M-M  represent  the  surface  of  a  crystal  of  flu- 
orite.  Let  N-0  be  normal  to  that  surface.  Let  A-0  be  one  of 
a  number  of  parallel  Hght  rays  striking  the  surface  M-M  in  such 
a  way  as  to  make  the  angle  i  (angle  of  incidence)  with  the  normal 
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Refraction  of  Light. 


Fig.  195. 


N-0.  Let  0-P  be  at  right  angles  to  the  rays  and  representing  the 
wave  front  of  the  hght  in  air.  As  the  crystal  is  the  denser  me- 
dium the  light  will  travel  in  it  more  slowly.  Therefore,  as  each 
ray  in  turn  strikes  the  surface  M-M,  it  will  be  retarded  and  the 
direction  of  its  path  be  changed  proportionately.  In  going  from 
a  rarer  into  a  denser  medium,  the  direction  of  the  ray  will  be  bent 
toward  the  normal  N-0.  To  find  the  direction  of  the  rays  and 
line  of  wave  front  in  the  crystal,  proceed  as  follows:  Since  the 
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index  of  refraction  of  fluorite  is  1.43,  ray  A  will  travel  in  the 

crystal,  in  the  time  it  takes  ray  C  to  travel  from  P  to  22,  -— r  of 

1.43 

that  distance,  or  to  some  point  on  the  circular  arc  the  length  of 

whose  radius  OA*  is  -——  the  distance  P-R.    Similarly,  ray  B 

will  travel  in  the  mineral  during  the  period  of  time  in  which 

ray  C  travels  from  SioRa,  distance  equal  to  -— -  of  the  distance 

S-Rj  or  the  radius  TB\  The  same  reasoning  will  hold  true  for 
all  other  rays.  The  wave  front  in  the  crystal  can  then  be  de- 
termined by  drawing  a  tangent  —  the  line  A'B'R  —  to  these 
various  circular  arcs;  and  lines  perpendicular  to  this  wave  front 
will  represent  the  direction  in  which  the  light  travels  in  the  min- 
eral, and  the  angle  NO  A'  or  r  will  be  the  angle  of  refraction. 
Fig.  195  shows  the  same  construction  as  that  of  Fig.  194,  only 
in  this  case  the  mineral  in  question  is  assiuned  to  be  diamond. 
Since  the  index  of  refraction  of  diamond  (n  =  2.42)  is  much 
greater  than  that  of  fluorite,  light  will  travel  in  it  with  a  still 
slower  velocity.  Consequently  in  diamond  the  amount  of  re- 
fraction will  be  greater.  This  is  shown  in  the  two  figures,  in 
both  of  which  the  angle  of  incidence  is  the  same. 

The  refractive  power  toward  light  which  a  mineral  possesses 
has  often  a  distinct  effect  upon  the  appearance  of  the  mineral. 
For  example,  a  mass  of  cryolite  may  almost  always  be  told  at 
sight,  though,  as  is  generally  the  case,  there  is  no  crystal  shape 
to  aid  in  the  identification.  The  mass  has  a  peculiar  appearance, 
something  like  that  of  wet  snow,  and  quite  different  from  that 
of  ordinary  white  substances ;  and  this  is  due  to  the  fact  that  the 
index  of  refraction  of  cryolite  is  unusually  low  for  a  mineral. 
An  instructive  experiment  may  be  tried  by  finely  pulverizing 
some  pure  white  cryolite  and  throwing  the  powder  into  water, 
when  it  will  apparently  disappear,  as  if  it  had  instantly  gone  into 
solution.  The  powder,  however,  is  insoluble,  and  may  be  seen 
indistinctly  as  it  settles  to  the  bottom  of  the  vessel.  The  reason 
for  this  disappearance  of  the  cryolite  is  that  its  index  of  refraction 
(about  1.34)  is  near  that  of  water  (1.335),  hence  the  light  travels 
almost  as  readily  through  the  mineral  as  through  water,  and 
consequently  it  undergoes  little  reflection  or  refraction. 
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Substances  having  an  unusually  liigh  index  of  refraction  iiave 
an  appearance  which  it  is  hard  to  define,  and  which  is  generally 
spoken  of  as  adamantine  luster.  This  kind  of  luster  may  be  com- 
prehended best  by  examining  specimens  of  diamond  (n  =  2.419) 
or  of  cerussite  {n  =  about  3.2).  They  have  a  flash  and  quality, 
some  diamonds  almost  a  steel-like  appearance,  which  is  not 
possessed  by  nunersls  of  low  index  of  refraction;  compare,  for 
example,  cerussite  and  fluorite  (n  =  1.43-1).  It  is  their  high 
index  of  refraction  that  gives  to  many  gem  minerals  their  great 
brilliancy  and  charm. 

In  the  majority  of  eases  the  index  of  refraction  of  a  mineral 
is  not  far  from  1.5,  and  gives  to  minerals  a  luster  which  is  desig- 
nated as  vitreous.  Quartz  {n  =  1,55),  feldspar  (n  =  1.52)  and 
calcite  (n  =  1.57)  arc  good  examples.  J 

D.    Double  Refraction  in  Minerals.  I 

All  minerals  except  tliose  belonging  to  tlie  IsoTiictric  System   ' 
show  in  general  a  double  refraclion  of  light.    That  is,  when  a 
ray  of  light  enters  such 
a  mineral  it  is  broken  up  f 
into  two  rays,  each  of 
wliich  travels  witii  a  dif- 
ferent velocity    through 
the  mineral.     Since  each 
ray  lias  ita  own  cliai'ac- 
teriatic   velocity,  it  fol- 
lows that  the  angle  of  re- 
fraction will  be  different 
in    each    case    and    the  I 
paths  of  the  two  rays  mil 
be  divergent.     In  other 
words,  the  light  has  un- 
det;gone  double  refraction. 
of  this  double  refraction 


Fig.  IBB.    Double  Refract! 


In  the  majority  of  cases  the  amount 
small,  and  the  fact  that  it  exists 
only  be  demonstrated  by  special  and  delicate  instruments. 
Calcite,  howe\'er,  shows  such  a  strong  double  refraction  that 
it  can  be  easily  observed.  Take  a  cleavage  block  of  clear 
calcite    (Iceland    spar),   for   instance,    and    place    it    over   an 
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image  marked  on  paper.  The  image  will  appear  double  (see 
Fig.  196). 

The  amount  of  double  refraction,  or  in  other  words  the  amount 
of  divergence  of  the  two  rays,  shown  by  any  mineral  depends, 
first,  upon  the  refracting  power  of  the  mineral,  or  its  strength  of 
birefringence,  as  it  is  called;  second,  upon  the  thickness  of  the 
block  of  the  mineral ;  and  lastly,  upon  the  crystallographic  direc- 
tion in  which  the  light  is  traveling  in  the  mineral.  In  the  case 
of  tetragonal  and  hexagonal  minerals,  there  is  one  direction  (that 
of  the  vertical  crystallographic  axis)  in  which  no  double  refrac- 
tion takes  place.  As  soon  as  a  ray  of  light  in  the  mineral  diverges 
from  this  direction  it  is  doubly  refracted,  and  the  amount  of 
double  refraction  increases  as  the  path  of  the  light  becomes  more 
oblique,  and  attains  its  maximum  when  it  is  at  right  angles  to 
the  vertical  axis.  Such  minerals  belong  to  the  optical  class  known 
as  uniaxial.  In  the  case  of  orthorhombic,  monoclinic  and  triclinic 
minerals,  there  are  two  directions  similar  to  the  one  described 
above,  in  which  no  double  refraction  takes  place,  and  the  minerals 
of  these  systems  are  therefore  spoken  of  as  optically  biaxial. 

In  addition  to  doubly  refracting  light,  all  minerals  except  those 
of  the  Isometric  System  polarize  it  as  well.  Ordinary  light  is 
conceived  as  made  up  of  vibrations  taking  place  in  all  planes. 
Light  is  polarized  when  it  vibrates  in  a  single  plane.  In  the  case 
of  both  uniaxial  and  biaxial  crystals,  each  of  the  two  rays  into 
which  a  beam  of  light  is  refracted  is  polarized  and  in  planes 
which  are  perpendicular  to  each  other.  For  a  fuller  considera- 
tion of  the  optical  properties  of  minerals,  the  reader  must  be 
referred  to  books  of  a  more  detailed  character. 

Vn.  PYROELECTRICITY. 

Crystals  of  certain  minerals,  on  cooling  after  being  heated  to 
about  100°  C,  will  develop  upon  different  portions  a  positive 
and  a  negative  electric  charge.  This  can  be  proved  by  the  power 
that  such  minerals  show  under  these  conditions  to  attract  and 
hold  to  themselves  small  pieces  of  paper,  etc.  Minerals  which 
are  hemimorphic  in  their  crystallographic  character,  like  cala- 
mine, tourmaline,  etc.,  exhibit  this  property. 


III.    CHEMICAL  MINERALOGY. 

A  MiNCRAL  may  be  defined  as  a  naturally  occurring  substance 
having  a  definite  chemical  composition.  The  chemical  compo- 
sition of  a  mineral  is  the  most  fundamentally  important  fact 
about  it,  for  upon  this  all  its  other  properties  must  in  great 
measure  be  dependent.  The  physical  characteristics  of  a  mineral 
may  sometimes  serve  as  meswis  of  its  positive  identification,  and 
in  the  great  majority  of  cases  they  will  be  of  material  assistance; 
but  the  final  proof  of  its  identity  will  more  often  lie  in  the  deter- 
mination of  its  chemical  character  by  means  of  chemical  tests. 
Consequently  the  study  of  the  chemistry  of  minerals  is  the  most 
important  single  division  of  the  subject.  This  section  will, 
therefore,  be  devoted  to  a  brief  and  elementary  discussion  of 
chemical  mineralogy.  First  some  general  aspects  of  the  subject 
will  be  presented,  followed  by  a  short  description  of  the  methods 
of  testing  for  the  different  elements  most  commonly  observed. 
The  scope  and  size  of  this  book  necessitate  the  assumption  that 
the  reader  is  familiar  with  at  least  the  essentials  of  chemical  fact 
and  nomenclature. 

Scientists  up  to  the  present  time  have  established  the  occur- 
rence of  more  than  eighty  different  elements.  The  greater  part 
of  these,  however,  are  extremely  rare  and  are  only  of  scientific 
interest.  Some  forty-four  elements  are  found  in  sufficient 
amount,  or  because  of  their  properties  are  of  sufficient  impor- 
tance, to  warrant  a  discussion  of  them  here.  A  considerable 
proportion  of  this  list  also  must  be  considered  as  rare  in  occur- 
rence. The  following  table  gives  the  names  and  symbols  of  the 
eighteen  most  common  elements  arranged  in  the  approximate 
order  of  their  importance  as  constituents  of  the  earth's  crust : 
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Oxygen 

0. 

Sodium 

Na. 

Phosphorus 

P. 

Silicon 

Si. 

Potassium 

K. 

Sulphur 

S. 

Aluminium 

AL 

Hydrogen 

H. 

Barium 

Ba. 

Iron 

Fe. 

Titanium 

Ti. 

Manganese 

Mn. 

Calcium 

Ca. 

Carbon 

C. 

Strontium 

Sr. 

Magnesium 

Mg. 

Chlorine 

CI. 

Fluorine 

F. 

It  is  to  be  noted  that  the  above  list  fails  to  include  such  im- 
portant elements  as  copper,  lead,  zinc,  silver,  gold,  tin,  mercury, 
nickel,  antimony,  arsenic,  etc.,  all  of  which  form  much  less  than 
one-hundredth  of  one  per  cent  of  the  rocks  of  the  earth's  crust. 

These  elements  occur  alone  or  in  various  chemical  combina- 
tions in  the  form  of  minerals.  Below  is  given  a  brief  discussion 
of  the  various  classes  of  chemical  compounds  in  which  the  ma- 
jority of  minerals  occur. 


Chemical  Groups. 

Elements.  There  are  a  few  minerals  that  consist  of  single 
elements  alone.    For  example,  gold,  Au. 

Sulphides.  A  very  important  group  of  minerals,  consisting 
of  combinations  of  the  various  metals  with  the  element  sulphur, 
are  known  as  sulphides.  They  include  the  majority  of  the 
metallic  ore  minerals.    For  example,  pyrite,  FeS2. 

Sulpho-salts.  This  group  of  minerals  includes  a  series  which 
mostly  contain  lead,  copper  or  silver  in  combination  with  sulphur 
and  either  antimony  or  arsenic.    For  example,  tetrahedrite, 

CUaSbzSy. 

Haloids.  This  group  includes  minerals  that  are  salts  of  the 
halogen  acids,  chiefly  hydrochloric  or  hydrofluoric  acids.  Ex- 
amples are  halite,  NaCl,  and  fluorite,  CaF2. 

Oxides.  The  minerals  of  this  group  contain  a  metal  in  com- 
bination with  oxygen.    For  example,  hematite,  Fe20j. 

Hydroxides.  An  hydroxide  is  a  mineral  that  contains  the 
hydroxyl  group,  OH,  as  an  important  radical.  For  example, 
limonite,  Fe403(OH)«. 

Carbonates.  The  carbonates  are  salts  of  carbonic  acid, 
H2COS.    For  example,  calcite,  CaCOa. 
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Silicates.  The  silicates  form  the  largest  chemical  group  among 
minerals.  They  contain  various  elements  as  bases,  the  most 
common  of  which  are  sodium,  potassium,  calcium,  magnesium, 
aluminium  and  ferrous  and  ferric  iron.  They  are  frequently 
very  complex  in  their  chemical  structure.  They  are  salts  of  a 
number  of  different  silicic  acids,  the  most  important  of  which 
are  as  follows : 

Orthosilicate  acid  =  H4Si04,  which  is  represented  by  alman- 
dite,  Fe3Al2(Si04)3. 

Metasilicic  acid  =  H4Si206  or  H2Si08,  represented  by  leucite, 
KAl(Si03)2. 

Polysilicic  acid  =  H4Si308,  represented  by  orthoclase,  KAlSiaOs. 

Niobates  and  Tantalates.  These  are  combinations  of  vari- 
ous metals  with  the  rare  niobicand  tantalic  acids.  For  example, 
columbite,  FeNb206,  and  tantalite,  FeTa206. 

Phosphates.  The  phosphates  are  salts  of  some  phosphoric 
acid.  The  most  common  member  of  the  group  is  the  mineral 
apatite,  Ca4(CaF)  (P04)3. 

Sulphates.  The  sulphates  are  salts  of  sulphuric  acid,  H2SO4. 
For  example,  gypsum,  CaS04.2H20. 

Tungstates.  These  are  salts  of  the  rare  tungstic  acid  H2WO4. 
For  example,  scheelite,  CaW04. 

Derivation  of  a  Chemical  Formula  from  the  Analysis  of 

a  Mineral. 

The  chemical  formulas  which  are  assigned  to  minerals  have  in 
every  case  been  calculated  from  chemical  analyses.  An  analysis 
gives  the  percentage  composition  of  a  mineral,  or,  in  other  words, 
the  parts  by  weight  in  one  hundred  of  the  different  elements  or 
radicals  present.  Consider  the  following  analysis  of  chalcopy- 
rite: 

Percentages.     Atomic  weights.  Ratio. 

S  =  34.82    ^         32.06  =  1.086  =  2.00 

Cu  =  34.30    ^         63.6  =  0.539  =  0.99  or  1.00 

Fe  =  30.59    ^         55.9  =  0.547  =  1.00 

99.71 

The  percentage  numbers  given  indicate  the  proportions  by 
weight  of  the  different  elements  in  the  mineral.    But  as  these 
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elements  have  different  atomic  weights,  the  numbers  do  not 
represent  the  ratio  of  the  different  atoms  to  each  other  in  the 
chemical  molecule.  In  order  to  derive  the  relative  proportions 
of  the  atoms  of  the  different  elements  to  each  other,  the  percent- 
ages as  given  are  divided  in  each  case  by  the  atomic  weight  of 
the  element.  This  gives  a  series  of  nmnbers  which  does  repre- 
sent the  ratio  of  the  atoms  to  each  other  in  the  molecule.  In  the 
analysis  of  chalcopyrite  this  ratio  becomes  S  :  Cu  :  Fe  =  2  : 1 : 1. 
Consequently  CuFeSi  will  constitute  the  chemical  formula  for 
the  mineral. 

If  the  mineral  is  an  oxygen  comp)oimd  the  results  of  the  analy- 
sis are  given  as  percentages  of  the  oxides  present,  and  by  a  cal- 
culation similar  to  that  outlined  above  the  ratio  of  these  oxide 
radicals  to  each  other  in  the  molecule  is  determined;  the  only 
difference  in  the  process  being  that  in  this  case  the  percentage 
numbers  are  divided  by  the  sum  of  the  atomic  weights  of  the 
elements  present  in  the  different  radicals.  As  an  example  con- 
sider the  following  analysis  of  gypsum: 

Percentages.      Molecular  weights.  Ratio. 

SO3  =  46.61     ^  S3.06  =  0.583  =  1.00 

CaO  =  32.44    ^56.1  =  0.578  =  0.99  or  1.00 

H2O  =  20.74    ^  18.0  =  1.152  =  1.98  or  2.00 

99.79 

From  this  it  is  seen  that  the  ratio  of  the  radicals  to  each  other 
in  the  molecule  is  SO3  :  CaO  :  H2O  =  1  :  1  :  2,  and  consequently 
the  composition  of  g>T)sum  can  be  represented  by  the  formula 
CaO.SO3.2H2O  or  CaS04.2H20. 

Calculation  of  the  Percentage  Composition  of  a  Mineral 

from  Its  Chemical  Formula. 

It  frequently  happens  fhat  it  is  desirable  to  determine  what 
the  theoretical  composition  of  a  mineral  is,  having  given  its 
formula.  The  process  of  calculation  is  the  .reverse  of  that 
described  in  the  preceding  division.  Take,  for  example,  the 
mineral  chalcopyrite,  CuFeS2;  what  are  the  proportions  by 
weight  of  the  different  elements  in  one  hundred  parts  of  the 
mineral?    The  process  consists  in  first  adding  up  the  atomic 
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eights  of  the  different  elements  present  and  so  obtaining  the 
olecular  freight  of  the  compound,  as  follows: 

Atomic  weights. 
Cu  =   63.6 

Fe  =  55.9 

S     -  32.06  X  2  =  64.12 

Molecular  weight  CuFeS2  =  183.62 

It  is  obvious  from  the  above  that  in  183.62  parts  by  weight  of 
3halcopyrite  there  are  63.6  parts  of  copper,  etc.  In  order  to  find 
the  parts  of  copper  in  100  parts  of  the  mineral,  or  in  other  words, 
its  percentage,  the  following  proportion  is  made: 

183.62  :  63.6  =  100  :  x. 

When  this  equation  is  solved,  x  becomes  34.64,  or  the  percent- 
age of  copper  in  chalcopyrite.  The  percentages  of  the  iron  and 
sulphur  are  to  be  obtained  in  a  similar  manner. 


Isomorphism. 

It  is  to  be  noted  frequently  that  the  results  of  a  mineral  analy- 
sis do  not  agree  with  the  theoretical  composition  of  the  mineral 
as  calculated  from  its  formula.  Further,  it  often  happens  that 
the  analyses  of  different  specimens  of  the  same  mineral  will 
show  marked  variations  in  the  proportions  of  the  different  ele- 
ments present.  If  the  material  analyzed  was  pure  and  the  analy- 
sis accurately  made,  these  variations  are  commonly  to  be  ex- 
plained by  the  principle  of  isomorphism.  To  make  clear  what 
is  meant  by  this  term,  it  will  be  best  to  consider  some  illustrative 
examples.  Sphalerite,  for  instance,  is  a  mineral  which  shows  in 
its  different  specimens  a  wide  range  in  color,  from  white  through 


I. 

At.  Ra- 
wt.  tio. 

II. 

At.   Ra- 
wt.   tio. 

III. 

At.   Ra- 
wt.   tio. 

S  =32.22 
Zn  =67.46 

Fe=- 

Cd- 

Pb- 

32.06=1.00 
65.4  =1.03 

33  36 

63.36 

3.60 

32.06=1.04  =1.00 
65.4  =0.96),  ft^ 
55.9  =0.06  f"*""^ 

33.25 

50.02 

15.44 

0.30 

1.01 

32  06=1.037 

65.4  =0.7641 

55.9  =0.276 

112.4  =0.002 

206.9  =0.004 

=  1.0 
=  1.016 

Total.... 99. 68 

100.32 

100.02 
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brown  to  black,  with  a  corresponding  variation  in  compoeitioD. 
In  column  I  is  given  an  analysis  of  white  sphalerite  from  FraDk- 
lin  Furnace,  N.  J.,  in  column  II  is  given  an  analysis  of  a  brown 
sphalerite  from  Roxbury,  Conn.,  and  in  colunm  III  that  of  a 
black  sphalerite  from  Felsobanya. 

It  will  be  noted  that  in  the  three  analyses  there  is  a  progressive 
increase  in  the  percentages  of  iron  present  and  a  corresponding 
decrease  in  the  amount  of  zinc.  It  would  appear  as  if  the  iron 
had  replaced  a  portion  of  the  zinc  in  the  mineral  and  was  play- 
ing the  same  part  as  the  zinc  in  the  molecule.  Further,  if  the 
atomic  ratios  are  derived  from  each  analysis  by  the  method  de- 
scribed in  the  preceding  division,  it  will  be  found  that  in  analy- 
ses II  and  III  the  series  of  numbers  do  not  show  any  rational 
relations  to  each  other.  But,  if  the  numbers  derived  in  each 
case  from  the  percentages  of  the  difiFerent  metals  present  are 
combined,  their  sum  will  equal  the  number  derived  from  the  per- 
centage of  the  sulphur.  In  other  words,  the  number  of  atoms  of 
zinc  plus  those  of  iron,  lead  and  cadmium  equals  the  number  of 
atoms  of  sulphur.  The  formula  of  sphalerite  could  therefore  be 
written  R"S,  where  R"  equals  chiefly  zinc,  with  smaller  amounts 
of  iron  and  other  metals.  Another  way  of  expressing  the  same 
thing  would  be  (Zn,Fe)S.  In  this  case  the  iron  is  said  to  be 
isomorphous  with  the  zinc,  since  it  has  the  power  to  replace  the 
zinc  in  the  mineral  in  varying  proportions  without  changing  its 
molecular  structure  or  crystal  form. 

The  garnets  form  a  series  of  minerals  with  the  same  crystal- 
lization and  general  physical  properties,  but  show  quite  a  wide 
variation  in  chemical  composition.  Consider  the  following  analy- 
sis of  an  almandine  garnet : 


Percentages. 


SiOa  = 
AI2O,  = 
FeaOs= 
FeO  = 
MnO  = 
MgO  = 
CaO  = 


35.92 
19.18 
4.92 
29.47 
4.80 
3.70 
2.38 

100.37 


Molecular  weights. 
-^  60.4 
^  102.2 
-^  159.8 
^  71.9 
H-  71.0 
-^  40.36 
•i-   66.1 


Ratio. 
0.594 

0.1871   n  017 

0.030  S  "-^^^ 

0.409 

0.067 

0.091 

0.042 


3.00 
1.09 


0.609  »  3.02 
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It  is  a  silicate  containing  chiefly  ferrous  and  aluminium  oxides 
but  with  smaller  amounts  of  manganese,  magnesium,  calcium  and 
ferric  oxides.  If  the  ratio  of  the  series  of  oxides  to  each  other 
in  the  molecule  is  obtained,  it  is  seen  that  it  is  not  a  rational  one. 
But  if  the  ratio  numbers  of  the  similar  oxides  are  combined,  — 
that  is,  the  number  from  the  AI2O3  with  that  from  the  FcjOs,  and 
that  from  the  FeO  with  those  from  the  MnO,  MgO  and  CaO, — 
it  will  be  found  that  the  relationship  of  the  different  groups  of 
radicals  can  be  expressed  as  Si02  :  AI2O3  +  Fe203  :  FeO  +  MnO 
+  MgO  +  CaO  =  3:1:3.  From  this  it  is  seen  that  some  of 
the  possible.  AljOs  has  been  replaced  by  isomorphous  Fe20s, 
and  that  a  part  of  the  FeO  has  been  replaced  by  the  isomor- 
phous oxides  of  MnO,  MgO  and  CaO.  The  formula  for  this 
garnet  might  be  written,  therefore,  as  3R"0.1R2'"08.3Si02  or 
R,"R2'"(Si04),,  in  which  R"=Fe,  Mn,  Mg  and  Ca,  and  R'"  =  Al 
and  Fe. 

Isoxnorphous  Groups.  A  series  of  compounds  which  have 
analogous  chemical  compositions  and  closely  similar  crystal 
forms  are  said  to  make  an  isomorphous  group.  The  artificial 
compounds  known  as  the  alums  form  a  striking  example.  They 
are  double  salts  of  sulphuric  acid,  similar  to  the  following, 
KA1(S04)2.12H20,  which  is  known  as  potash  alum.  They  may 
vary  in  their  composition  by  the  substitution  of  Na,  Li,  NH4, 
etc.,  for  the  potassium  and  of  Fe'"  and  Cr  for  the  aluminium. 
All  these  compounds  have,  therefore,  different  but  analogous 
compositions,  and  it  is  found  also  that  they  all  crystallize  in  the 
Isometric  System  with  an  octahedral  habit.  Further,  if  a  crys- 
tal of  one  alum  is  suspended  in  a  saturated  solution  of  another 
member  of  the  series,  the  crystal  will  continue  to  grow.  From 
this  it  is  proved  that  the  molecules  of  the  different  alums  are 
physically  so  closely  alike  that  they  can  be  substituted  for  each 
other  in  any  proportion.  Therefore  this  series  of  compounds  is 
said  to  be  an  Isomorphous  Group. 

Many  such  groups  are  to  be  found  in  minerals,  and  attention 
is  called  to  them  in  various  places  in  Section  IV.  Reference 
might  be  made  to  one  of  the  most  prominent  of  these  in  the  case 
of  the  Calcite  Group  (see  page  203).  This  is  a  series  of  minerals 
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all  of  which  are  carbonates  of  similar  bivalent  metalSi  and  there- 
fore they  can  be  said  to  have  analogous  chemical  composttaou. 
Further,  they  all  crystallize  in  the  same  crystal  system  and  das, 
and  have  closely  agreeing  angles  between  similar  crystal  facet. 
Consequently  they  conform  to  the  second  requirement  for  an 
Isomorphous  Group,  namely,  that  the  minerals  of  it  should  show 
similar  crystal  forms. 

Dimorphisnii  Trimorphismi  Etc. 

A  number  of  cases  are  well  known  among  minerals  in  which 
two  or  three  different  species  have  the  same  chemical  com- 
position but  distinctly  different  physical  properties.  When  one 
compound  appears  in  two  different  forms,  it  is  said  to  be  dunor- 
phous;  when  in  three  different  forms,  trimorphous.  Carbon  in 
the  forms  of  graphite  and  diamond,  calcium  carbonate  as  caldte 
and  aragonite,  iron  sulphide  as  pyrite  and  marcasite,  are  familiar 
examples  of  dimorphism.  The  two  minerals  in  each  case  differ 
from  each  other  in  such  physical  properties  as  crystallization, 
hardness,  specific  gravity,  color,  reactions  with  acids,  etc.  Ti- 
tanium oxide,  Ti02,  is  trimorphous,  since  it  occurs  in  the  three 
distinct  minerals,  rutile,  octahedrite  and  brookite. 


Instruments,  Reagents  and  Methods  of 

The  Blowpipe  and  Its  Use.  Many  of  the  chemical  tests 
made  on  minerals  are  performed  by  aid  of  an  instrument  known 
as  a  blowpipe.  The  blowpipe  consists  essentially  of  a  tapering 
tube  ending  in  a  small  and  S3inmetrical  opening  through  which 
air  can  be  forced  in  a  thin  stream  at  high  pressure.  This  current 
of  air,  when  directed  into  a  luminous  flame,  converts  it  into  a 
small  and  very  hot  flame,  by  means  of  which  many  important 
tests  can  be  made. 

Fig.  197  represents  a  common  type  of  blowpipe.  The  air  is 
forced  from  the  lungs  into  the  mouthpiece,  c,  which  fits  into  the 
upper  end  of  the  tube  and  issues  from  the  small  opening  at  the 
other  end.    The  tip  of  the  blowpipe,  5,  is  placed  just  within  a 
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b  flame  which  is  rich  in  carbon,  such  as  is  obtained  from  a 
idle  or  ordinary  illimiinating  gas.  A  convenient  method  of 
3ducmg  a  blowpipe  flame  is  to  use  illuminating  gas  in  a  Bunsen 
mer,  in  which  an  inner  tube,  e  (Fig.  198),  has  been  placed  so  as 
shut  off  the  supply  of  air  at  the  base  of  the  burner  and  thus 
avert  the  flame  into  a  luminous  one.  The  upper  end  of  this 
be  is  flattened  and  cut  at  an  angle^  as  is  shown  in  Fig.  198.    The 


Fig.  197. 


Fig.  198. 


J  flame  is  ordinarily  adjusted  so  that  it  measures  about  1 
h  in  height  and  i  inch  in  breadth.  The  blowpipe  is  intro- 
eed  into  this  flame  as  shown  in  Fig.  199.  The  resulting  blow- 
»e  flame  should  be  nonluminous,  narrow,  sharp-pointed  and 
an-cut.  K  illuminating  gas  is  not  available,  a  candle  with  a 
t  wick  or  even  an  ordinary  candle  can  be  used.  The  latter 
[uire,  however,  more  skill  in  manipulation. 
rhe  Art  of  Blowpiping.  It  usually  requires  some  practice 
'ore  one  can  produce  a  steady  and  continuous  blowpipe  flame. 
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Many  tests  can  be  made  by  means  of  a  flame  produced  by  ex- 
hausting the  supply  of  air  in  the  limgs  simply  once.  But  fre- 
quently an  operation  takes  a  longer  time  than  this  would  give, 
and  the  interruption  necessary  in  order  to  fill  the  lungs  afresh 
would  materially  interfere  with  the  success  of  the  experiment 
Consequently  it  often  becomes  important  to  be  able  to  mflmtAin 
a  steady  stream  of  air  from  the  blowpipe  for  a  considerable  time. 
This  is  accomplished  by  distending  the  cheeks  so  as  to  form  a 
reservoir  of  air  in  the  mouth.  When  the  supply  of  air  in  the 
lungs  is  exhausted,  the  passage  from  the  mouth  into  the  throat 


Fig.  199. 

is  closed  by  lifting  the  root  of  the  tongue  and  while  a  new  supply 
is  being  obtained  by  breathing  in  through  the  nose  a  steady 
stream  of  air  is  also  being  forced  out  of  the  reservoir  in  the  mouth. 
In  this  way  a  constant  flame  may  be  obtained.  'It  requires, 
however,  considerable  practice  to  do  this  skillfully. 

The  Character  of  the  Blowpipe  Flame.  Fig.  199  represents 
a  typical  blowpipe  flame.  The  inner  cone,  c,  which  is  light  blue 
in  color  and  the  most  distinct  part  of  the  flame,  is  conapoeed  of 
imbumed  gas  mixed  with  air  from  the  blowpipe.  There  is  no 
combustion  taking  place  in  this  part  of  the  flame.  Around 
this  cone  is  a  narrow  pale-violet  cone,  6,  which  is  almost 
invisible  and  in  which  the  combustion  does  take  place.  Any 
gas  that  is  used  for  the  production  of  the  flame  will  consist  of 
some  combination  of  carbon  and  hydrogen.  These  elements 
when  the  gas  is  burned  are  converted  into  their  respective  oxides. 
The  hydrogen  bums  directly  to  .water  vapor,  H2O.    The  carbon 
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ms  first  to  its  lower  oxide,  CO,  known  as  carbon  monoxide, 
ler  this  oxide  will  be  changed  by  the  addition  of  another  atom 
oxygen  to  the  higher  oxide,  COj,  carbon  dioxide.  The  final 
)ducts  of  the  combustion  will,  therefore,  be  the  gases  HiO  and 
)i.  In  cone  5,  where  combustion  is  taking  place,  there  will 
:;essarily  be  considerable  amounts  of  the  lower  oxide  of  carbon, 
).  Surrounding  cone  b  there  will  be  an  invisible  cone,  a,  con- 
ting  of  the  final  products  of  combustion,  COi  and  H2O. 
Pusion  by  Means  of  Blowpipe  Flame.  A  good  blowpipe 
me  may  reach  a  temperature  as  high  as  2000**  C.  When  skill- 
ly  handled  small  pieces  of  fine  platinum  wire  may  be  melted 
it.    The  determination  of  the  degree  of  fusibility  of  a  mineral 


Fig.  200. 

an  important  aid  to  its  identification.  In  order  to  make  the 
st,  a  small  and  if  possible  a  sharply  pointed  fragment  of  the 
ineral  should  be  inserted  into  the  blowpipe  flame  just  beyond 
le  tip  of  the  inner  cone,  where  the  combustion  is  most  rapid 
id  the  temperature  the  highest.  The  fragment  should  be  held 
i  illustrated  in  Fig.  200,  so  that  it  projects  beyond  the  end  of  the 
trceps  by  which  it  is  held  in  such  a  manner  that  the  entire  heat 
:  the  flame  can  be  concentrated  upon  it.  If  it  melts  and  rounds 
;rer,  losing  its  sharp  outline,  it  is  said  to  be  fusible  in  the  blow- 
ipe  flame.  Minerals  can  therefore  be  divided  into  two  classes, 
J  to  whether  they  are  fusible  or  infusible  in  this  flame.  The 
dnerals  which  are  fusible  can  be  further  classified  according  to 
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the  degree  of  ease  with  which  they  fuse.  To  assist  in  this  daas- 
fication,  a  series  of  six  minerals  which  show  different  degrees  of 
fusibility  has  been  chosen  as  a  scale  to  wiiich  all  fusible  minerals 
may  be  approximately  referred.  For  instance,  when  a  minosl 
is  said  to  have  a  fusibility  of  3,  it  means  that  it  will  fuse  with 
the  same  degree  of  ease  as  the  mineral  which  is  listed  as  3  in  the 
scale.  In  making  such  comparative  tests,  it  is  necessary  to  use 
fragments  of  the  same  size  and  to  have  the  conditions  of  the 
experiments  uniform.  The  minerals  of  the  scale  of  fusibility 
are  as  follows: 

1.  Stibnite.  Very  easily  fusible.  A  small  splinter  will  readfly 
melt  in  a  candle  flame. 

2.  Chalcopyrite.  Easily  fusible.  A  small  fragment  will  fuse 
in  the  Bunsen  burner  flame. 

3.  Almandine  Garnet.  Infusible  in  the  Bunsen  burner  flame 
but  fuses  easily  in  the  blowpipe  flame. 

4.  Actinolite.  A  sharp-pointed  splinter  fuses  without  much 
difficulty  in  the  blowpipe  flame. 

5.  Orthoclase.  The  edges  of  a  fragment  are  roimded  at  the 
highest  heat  of  the  blowpipe  flame. 

6.  Enstatite.  Practically  infusible  in  blowpipe  flame,  only 
the  fine  ends  of  sharp-pointed  fragments  being  rounded. 

Reducing  and  Oxidizing  Flameji.  Reduction  consists  essen- 
tially in  taking  oxygen  away  from  a  chemical  compound,  and 
oxidation  consists  in  adding  oxygen  to  it.  These  two  opposite 
chemical  reactions  can  be  accomplished  by  means  of  a  blowpipe 
flame.  Cone  6,  Fig.  199,  as  explained  above,  contains  CO,  or  car- 
bon monoxide.  This  is  what  is  known  as  a  reducing  agent,  since, 
because  of  its  strong  tendency  to  take  up  oxygen  in  order  to  be- 
come CO2,  or  carbon  dioxide,  it  will,  if  possible,  take  oxygen  away 
from  another  substance  in  contact  with  it.  For  instance,  if  a 
small  fragment  of  the  ferric  oxide  of  iron,  hematite,  FeA,  is 
held  in  this  part  of  the  blowpipe  flame,  it  will  be  reduced  hy  the 
removal  of  one  atom  of  oxygen  to  the  ferrous  oxide,  FeO,  accoid- 
ing  to  the  following  equation : 

Fe203  +  CO  =  2FeO  +  CO,. 
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Tias  change  can  be  proved  by  noting  that  the  ferric  oxide  is  red  ■ 
in  color  ajid  nonmagnetic,  while  the  ferrous  oxide  is  black  and  I 
strongly  magnetic.  This  cone  6  ia  therefore  known  as  the  r^  4 
ducing  part  of  the  blowpipe  flame,  and  when  it  is  wished  to  pep-l 
form  a  reduction  test  the  mineral  fragment  is  placed  at  t 
shown  in  Fig.  199, 

On  the  other  hand,  if  oxidation  is  to  be  accomplished,  the 
mineral  must  be  placed  entirely  outside  of  the  flame,  where  the 
oxygen  of  the  air  can  have  free  access  to  it,  but  where  it  can  still 
get  in  large  degree  the  heat  of  the  flame.  Under  these  condi- 
tions, if  the  reaction  is  possible,  oxygen  will  be  added  to  the 
mineral  and  the  substance  will  be  oxidized.  The  oxidizing  part  of 
the  blowpipe  flame  is  at  o  (Fig.  199).  Pyrite,  FeSi,  for  instance, 
if  placed  in  the  oxidizing  flame,  would  be  converted  into  ferric  ■ 
oxide,  FejO,,  and  sulphur  dioxide,  SOi,  according  to  the  following  J 
equation: 

2Fe8.  +  no  =  Fe,0,  +  4S0,. 
The  ferric  oxide  would  form  a  dark-red  residue,  while  the  sulphur  | 
dioxide  would  come  off  as  a  yiuiigent-smelling  gas. 

Use  of  Charcoal  in  Blowpiping.    Small  charcoal  blocks,  that  J 
should  best  be  about  4  inches  long,  I  inch  wide  and  J  inch  thick,  < 


Fig.  201.    Ad  Oiide  CoBtiDB  on  Chorconl. 

are  employed  in  a  number  of  blowpipe  teats.  They  are  used  ai 
a  support  upon  which  various  reactions  are  accomplished.  For  " 
instance,  metals  like  lead,  silver,  copper,  etc.,  may  be  reduced 
from  their  minerals  by  means  of  the  blowpipe  flame,  the  experi- 
ment being  performed  upon  charcoal.  Characteristic  oxide  coat- 
ings also  may  be  obtained  upon  the  surface  of  a  charcoal  block  {see 
Fig.  201)-  The  charcoal  should  be  of  a  fine  and  uniform  grain. 
It  should  not  be  so  soft  as  to  readily  soil  the  fingers,  nor  should  \ 
it  be  so  hard  as  not  to  be  easily  cut  and  scraped  by  a  knife. 
The  following  tabic  gives  a  list  of  the  dements  whicli  yield  | 
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charactmsdc  oxide  coatiiigs  idien  their  mino^  are  heated  in 
the  oxidizing  flame  on  charcoal: 


Oxide. 


ArtemiouM  Onie. 

Antimont  Ond**. 
Sb.O„  Sb;0«. 

Zinc  Oziie. 
ZnO. 


Tin  Oxide. 


Molybdenum  Oxide. 
MoO,. 


Lead  Oxide. 
PbO 


Bismuth  Oxide. 


Color  and  eharaeter  of 


Wliice  and  rcbti^  depositias  at    Csoally  aooompanifld by 
some  dwranre  from  the  minend.      ;    culie  odor. 


White  and  Tolatile,  deposathv  close   Heavier  than  arseaie 
to  the  miaaaL  oxide. 


Yellow  when  hoc.  white 
Noavotatile  ia  the  oxii 
Defioeits  very  close  to 


hen  eokL  U  ooatins  is  nKMsteaed 
flame,  j    with  cobalt  nitrate 
I    aad  heated  inteosely, 
it  tuns  greeo. 


Faint  yellow  whea  hot.  white  when 
cold.  Nonvolatile  in  the  oiidiiing 
flame. 


I" 


P&Ie  ^-ellow  whea  hot.  white  whea  III  the  ooatins  is  touched 


cold.    Sometimes  crj-stalline.  Vol- 
atile in  the  oiidiaing  flame. 


Yellow  near  the  mineral  and  white 
farther  away. 


Yellow  near  the  minoal  and  white 
farther  away. 


I 


for   a  moment  by  a 

redacias  flame,  it  be- 

oes  cuurk  blue. 


comes 


Coating  at  times  is  com- 
posed oi  white  sul- 
phite and  sulphate 
oi  lead  in  addition  to 
the  oxide. 


To  be  told  from  the 
lead-oxide  coating  by 
iodine  tests  (see  p.  97). 


Open  Tube  Test.  Glass  tubing  of  hard  glass  is  used  in  mak- 
ing what  are  known  as  open  tube  tests.  The  tubing  should 
be  cut  into  approximately  8-inch  lengths  and  have  an  internal 
diameter  of  i  inch.  An  open  tube  is  used  ordinarily  for  making 
oxidation  tests.  A  small  amount  of  the  mineral  to  be  tested  is 
commonly  powdered  and  placed  in  the  tube  at  a  point  about 
one-third  of  its  length  from  one  end.  A  narrow  strip  of  paper 
folded  into  a  shallow  trough  will  serve  as  a  boat  to  introduce  the 
powder  into  the  tube.  The  tube  is  then  inclined  at  as  sharp  an 
angle  as  possible,  with  the  mineral  lying  nearer  the  lower  end. 
The  tube  is  then  held  over  a  Bunsen  burner  flame  in  such  a  way 
that  the  flame  plays  on  the  upper  part  of  the  tube.  This  serves 
to  convert  the  inclined  tube  into  a  chimney,  up  which  a  current 
of  air  flows.    After  a  moment  the  tube  is  shifted  so  that  the  flame 
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heats  it  at  a  point  just  above  the  mineral,  or  in  some  cases  the 
fiame  may  be  directly  beneath  the  .mineral.  The  mineral  is 
being  heated  under  these  conditions  in  a  steady  cwrent  of  air, 
and  it  will  be  oxidized  if  such  a  reaction  is  possible.  Various 
oxides  may  come  off  as  gases  and  either  escape  at  the  end  of  the 
tube  or  be  condensed  as  sublimates  upon  its  walls.  The  follow- 
ing table  gives  a  list  of  those  elements  which  yield  characteristic 
reactions  when  heated  in  open  tubes: 

Element.  Description  of  Test. 

Sulphur,  Sulphur  dioxide,  SO2,  comes  out  of  upper  end  of  tube 
as  a  gas  with  a  pungent  and  irritating  odor.  If  a 
moistened  strip  of  blue  litmus  paper  is  placed  at  the 
upper  end  of  the  tube,  it  becomes  red,  due  to  the  acid 
reaction  caused  by  the  sulphurous  acid. 

Arsenic.  Arsenious  oxide,  As20s,  condenses  at  a  considerable 
distance  above  the  heated  portion  as  a  volatile  coat- 
ing of  small  colorless  octahedral  crystals. 

Antimony,  Antimonious  oxide,  Sb208,  deposits  as  a  volatile 
white  ring  closer  to  the  heated  portion  of  the  tube 
than  the  arsenious  oxide.  Antimony  sulphides  yield 
also  a  dense  nonvolatile  white  sublimate  of  antimo- 
nate  of  antimony,  SbjO^,  which  collects  along  the 
bottom  of  the  tube. 

Molybdenum,  Molybdenum  trioxide,  MoOj,  collects  near  the 
heated  portion  as  a  network  of  pale  yellow  to  white 
crystals. 

Mercury,  Collects  in  minute  gray  globules  which  can  be  rubbed 
together. 

Note.  Other  reactions  may  be  obtained  from  some  of  the 
above  elements  if  the  mineral  is  heated  too  rapidly  or  without 
the  establishment  of  a  strong  current  of  air  flowing  through  the 
tube. 

Closed  Tube  Test.  Frequently  a  small  glass  tube  which  has 
been  closed  at  one  end  is  useful  in  testing  minerals.    The  tube 
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is  made  out  of  soft  glass  and  should  have  a  length  oi  about 
3i  mches  and  an  internal,  diameter  from  i  to  ^^  of  an  inch. 
Two  closed  tubes  can  easily  be  made  by  fusing  the  center  of  a 
piece  of  tubing  7  inches  in  length  and  pulling  it  apart.  The 
closed  tube  test  is  used  to  determine  what  takes  place  whoi  a 
mineral  is  subjected  to  heat  practically  out  of  contact  with  the 
air.  Ordinarily  there  is  no  chemical  reaction  involved.  In 
general,  in  the  closed  tube  the  mineral  will  break  down  into 
simpler  parts  if  that  is  possible,  but  otherwise  nothing  will  take 
place  except  possibly  a  fusion  of  the  mineral.  The  following 
table  gives  a  list  and  brief  description  of  the  important  (^osed 
tube  tests: 

Substance.  Description  of  Test. 

Water  J  H2O.  All  minerals  containing  water  of  crystallization  or 
the  hydroxyl  radical  will  give  on  moderate  heating  a 
deposit  of  drops  of  water  on  the  cold  upper  walls  d 
the  tube. 

Sulphur,  S.  All  sulphides  which  contain  an  excess  of  sulphur 
will  give  a  sublimate  of  sulphur,  which  is  red  when 
hot  and  yellow  when  cold. 

Arsenic,  As.  Native  arsenic  and  some  arsenides  will  give  a 
deposit  of  metallic  arsenic.  This  consists  of  two 
rings,  one  being  composed  of  a  black  and  amorphous 
material,  the  other  lying  nearer  the  bottom  of  the 
tube,  of  a  silver-gray  and  crystalline  material. 

Oxysvlphide  of  antimony,  Sb2S20.  Sulphide  of  antimony  and 
some  sulphantimonites  give  this  sublimate  in  the 
form  of  a  slight  coating  which  deposits  close  to  the 
bottom  of  the  tube.  It  is  black  when  hot  and  red 
when  cold.  It  is  accompanied  by  a  faint  deposit  of 
sulphur  further  up  the  tube. 

Sulphide  of  mercury,  HgS.  A  black  amorphous  sublimate  which 
forms  when  cinnabar  is  heated. 
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Mercury,  Hg.  Gray  metallic  globules  of  metallic  mercury  are 
obtained  when  native  mercury  or  amalgams  are 
heated  or  when  the  sulphide  is  mixed  with  dry  sodium 
carbonate  and  heated. 

Flame  Test.  Certain  elements  may  be  volatilized  when 
minerals  containing  them  are  heated  intensely  befQre  the  blow- 
pipe and  so  impart  characteristic  colors  to  the  flame.  The 
flame  color  to  be  obtained  from  a  mineral  will  often  serve  as  an 
important  means  of  its  identification.  A  flame  test  may  be 
made  by  heating  a  small  fragment  of  the  mineral  held  in  the  for- 
ceps, but  a  more  decisive  test  is  usually  obtained  when  the  fine 
powder  of  the  mineral  is  introduced  into  the  Bunsen  burner 
flame  on  a  piece  of  fine  platinum  wire.  The  following  table  gives 
a  list  of  the  important  elements  which  yield  flame  colors.  It  is 
to  be  noted  that  a  mineral  may  contain  one  of  these  elements, 
but  because  of  the  nonvolatile  character  of  the  chemical  com- 
bmation  will  fail  to  give  a  flame  color. 


Element. 

Strontium, 


Ldthium. 


Calcium, 


Sodium. 


Color  of  Flame. 

Crimson. 


Crimson. 


Orange. 


Intense  yellow. 


Remarks. 

Strontium  minerals  which  give 
the  flame  color  also  give  alka- 
line residues  after  being  heated. 

Lithium  minerals  which  give 
the  flame  color  do  not  give 
alkaline  residues  after  being 
heated. 

In  the  majority  of  cases  a  dis- 
tinct calcium  flame  will  be  ob- 
tained only  after  the  mineral 
has  been  moistened  with  HCl. 

A  very  delicate  reaction.  The 
flame  should  be  very  strong 
and  persistent  to  indicate  the 
presence  of  sodium  in  the  min- 
eral as  an  essential  constit- 
uent. 
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Element.        Color  of  Flame. 

Barium.  Yellow  green. 


Molybdenum.    Yellow  green. 


Boron. 


Yellow  green. 


Copper, 


Zinc. 


'  Emerald-green. 


Azure-blue. 


Bluish  green. 


Lead, 


Pale  azure-blue. 


Remarks. 

Minerals  which  give  the  barium 
flame  also  give  alkaline  reo- 
dues  after  ignition. 

Obtained  from  the  oxide  or  sul- 
phide of  molybdenum. 

Minerals  giving  a  boron  flame 
rarely  give  alkaline  residues 
after  ignition. 

Obtained  from  the  oxide  of 

copper. 

Obtained  from  the  chloride  of 

copper. 

Appears  usually  as  bright 
streaks  and  threads  in  the 
flame. 

Tinged  with  green  in  the  outer 
parts. 


Q 


Color  Reactions  with  the  Fluxes.  Some  elements,  when 
dissolved  in  certain  fluxes,  give  a  characteristic  color  to  the 
fused  mass.  The  fluxes  that  are  most  commonly  used  are  borax, 
Na2B4O7.10HjO,  sodium  carbonate,  NaaCO*,  and  salt  of  phos- 
phorus, HNaNH4P04.4H20.    The  operation  is  best  performed  by 

first  fusing  the  flux  on  a  small  loop  of  platinum 

wire  into  the  form  of  a  lens-shaped  bead.     The 

loop  on  the  wire  should  best  have  the  shape  and 

size  shown  in  Fig.  202.    After  the  flux  has  been 

fused  into  a  bead  on  the  wire,  a  small  amount  of 

the  powdered  mineral  is  introduced  into  it  and  is 

Fig.  202.  Loop  dissolved  by  further  heating.     The  color  of  the 

Wire  for  Bead  resulting  bead  may  depend  upon  whether  it  was 

Tests.  heated  in  the  oxidizing  or  reducing  flame  and 

whether  the  bead  is  hot  or  cold.    The  following  table  gives  a 

list  of  the  important  bead  tests: 
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Table  of  Color  Reactions  with  the  Fluxes. 


Ozides  of 

Borax  Bead. 

Phosphorus  Salt  Bead. 

Ozidiiing  flame. 

Reducing 
flame. 

Oxidising  flame. 

Reducing 
flame. 

Chromium. 

Hot. 

Yellow. 

Green. 

Dirty  green. 

Dirty  green. 

Cold. 

Yellowish  green. 

Green. 

Fine  green. 

Fine  green. 

Vanadium, 

Hot. 

YeUow. 

Dirty  green. 

Yellow. 

Dirty  green. 

Cold. 

Yellowish  green 
almost    color- 
less. 

Fine  green. 

Yellow. 

Fine  green. 

Uranium, 

Hot. 

Deep  yellow  to 

Pale  green. 

Yellow. 

Pale  dirty 
green. 

Cold. 

Yellow. 

Pale  green  to 
nearly  colorless. 

Pale  greenish 
yellow. 

Fine  green. 

Iron. 

Hot. 

Deep  yellow  to 
orange-red. 

Bottle-green. 

De^  yellow  to 
brownish  red. 

Red-yellow 
to  yellow- 
green. 

Cold. 

Yellow. 

Pale  bottle- 
green. 

Yellow  to  al- 
most colorless. 

Almost  color- 
less. 

Copper, 

Hot. 

Green. 

Colorless  to 
green. 

Green. 

Brownish 
green. 

% 

Cold. 

Bine. 

Opaque  red 
with  much 
oxide. 

Blue. 

Opaque  red. 

CoboU. 

Hot. 

Blue. 

Blue. 

Blue. 

Blue. 

Cold. 

Blue. 

Blue. 

Blue. 

Blue. 

Nickel. 

Hot. 

Violet. 

Opaque  gray. 

Reddish  to 
brownish  red. 

Reddish  to 
brownish 
red. 

Cold. 

Reddish  brown. 

Opaque  gray. 

Yellow  to  red- 
dish yellow. 

Yellow  to  red- 
dish yellow. 

Manganese. 

Hot. 

Violet. 

Colorless. 

Grayish  violet. 

Colorless. 

Cold. 

Reddiflh  violet. 

Colorless. 

Violet. 

Colorless. 

Sodium  carbonate  with  oxide  of  manganese  gives  when  heated 
in  the  oxidizing  flame  an  opaque  bead,  green  when  hot,  bluish 
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green  when  cold.    When  heated  in  the  reducing  flame  the  bead 
is  colorless. 

Dry  Reagents. 

The  following  paragraphs  give  a  brief  description  of  the  more 
important  dry  reagents  used  in  testing  minerals: 

Sodium  Carbonate,  NaiCO*,  is  a  white  salt  that  is  used  chiefly 
as  a  flux  to  decompose  minerals  by  fusion  on  charcoal  and  more 
rarely  as  a  flux  in  a  bead  test. 

Borax,  Na2B4O7.10H2O,  is  a  white  salt  that  is  used  chiefly  in 
making  bead  tests  and  more  rarely  as  a  flux  on  charcoal. 

Microcosmic  Salt  or  Salt  of  Phosphorus,  HNaNH4PO4.4Hi0. 
is  a  white  salt  used  in  making  bead  tests. 

Acid  Potassium  Sulphate,  HKSO4,  is  a  white  salt  that  is  used 
in  making  a  test  for  fluorine  (see  page  100). 

Acid  Potassium  Sulphate  and  Fluorite  Hixture  is  a  mixture 
of  three  parts  of  the  former  and  one  part  of  the  latter.  It  is  used 
in  making  a  test  for  boron  (see  page  97). 

Potassium  Iodide  and  Sulphur  Mixture.  A  mixture  of  equal 
parts  of  these  two  materials  is  used  in  making  a  test  for  bismuth 
(see  page  97). 

Tin  and  Zinc  are  used  in  granulated  form  to  make  certain  re- 
duction tests  in  hydrochloric  acid  solutions. 

Test  Papers.  Blue  litmus  paper  is  a  test  paper  which  changes 
in  color  from  blue  to  red  when  exposed  to  the  action  of  an  add. 
It  is  most  commonly  used  in  the  open  tube  test  for  sulphur  (see 
page  109).  Yellow  turmeric  paper  is  a  test  paper  that  turns 
brown  when  exposed  to  the  action  of  an  alkali.  It  is  most 
commonly  used  in  making  a  test  for  the  presence  of  an  alkali 
or  alkaline  earth  in  a  mineral  (see  imder  sodiiun,  page  109; 
calcium,  page  98,  etc.).  Red  litmus  paper  can  be  substituted 
for  the  yellow  turmeric.  It  turns  blue  when  exposed  to  the 
action  of  an  alkali. 

Wet  Reagents. 

The  following  paragraphs  give  a  brief  description  of  the  more 
important  wet  reagents  used  in  testing  minerals: 
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Hydrochloric  Acid,  Muriatic  Acid,  HCl,  is  an  acid  which  is 
commonly  used  for  the  solution  of  minerals,  etc.  It  is  a  non- 
oxidizing  acid.  The  ordinary  laboratory  acid  is  diluted  with 
three  parts  of  water. 

Nitric  Acid,  HNOs,  is  a  strong  solvent  and  oxidizing  agent. 
It  is  commonly  used  in  its  concentrated  form. 

Sulphuric  Acid,  H2SO4,  is  less  commonly  used  than  the  others 
as  a  solvent.  It  may  be  used  in  its  concentrated  form,  but 
usually  is  diluted  with  four  parts  of  water.  When  water  is  added 
to  the  acid  a  large  amount  of  heat  is  generated.  Water  should 
never  be  added  to  the  hot  acid.    The  acid  boils  at  337*^  C. 

Ammonium  Hydroxide,  NH4OH,  is  a  strong  alkali  used 
chiefly  to  neutralize  acid  solutions  and  as  a  precipitant  for  alu- 
minium and  ferric  hydroxides  (see  pages  95  and  101).  For  labo- 
ratory use  it  is  commonly  diluted  with  three  parts  of  water. 

Ammoniiun  Carbonate,  (NH4)2COs,  and  Ammonimn  Oxa- 
late, (NH4)2C204,  are  chiefly  used  in  the  form  of  aqueous  solutions 
to  precipitate  the  alkaline  earths,  calcium,  strontium  and  barium, 
from  their  solutions  (see  page  98). 

Hydrogen  Sodium  Phosphate,  HNa2P04,  is  used  in  the  form 
of  an  aqueous  solution  to  test  for  the  presence  of  magnesium 
(see  page  103);  Barium  Hydroxide,  Ba(0H)2,  in  testing  for  car- 
bon dioxide  (s^  page  98);  Barium  Chloride,  BaCU,  for  sulphu- 
ric acid  (see  page  110);  Ammonium  Molybdate,  (NH4)2Mo04, 
for  phosphoric  acid  (see  page  106);  Silver  Nitrate,  AgNOs,  for 
chlorine  (see  page  99). 

Potassium  Ferrocyanide,  K4Fe(CN)6.3H20,  and  Potassium 
Ferricyanide,  K6Fe2(CN)i2,  are  used  in  dilute  solutions  to  test  for 
ferric  and  ferrous  iron  respectively  (see  page  102).  Ammonium 
Sulphocyanate,  NH4CNS,  is  also  used  to  test  for  ferric  iron. 
Cobalt  Nitrate,  Co(N03)2,  is  used  in  the  form  of  a  dilute  solution 
in  blowpipe  tests  for  aluminium  and  zinc  (see  pages  95  and  112). 

Tests  {or  the  Elements. 

On  the  following  pages  will  be  given  brief  descriptions  of  the 
more  important  blowpipe  and  chemical  tests  for  the  elements 
as  they  occur  in  minerals.    In  order  to  facilitate  reference  to 
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this  section,  the  different  elements  will  be  treated  in  alphabetical 
order.  Under  each  element  the  tests  will  be  given  in  the  approxi- 
mate order  of  their  importance.  For  a  fuller  discussion  of  this 
part  of  the  subject  reference  must  necessarily  be  made  to  the 
textbooks  that  treat  of  it  alone.  Below  is  a  list  of  the  elements 
whose  tests  are  discussed,  with  their  chemical  symbols,  valence 
and  atomic  weights. 


Element. 

Sym- 
bol. 

Valence. 

Atomic 
Weight 

Aluminiuixi 

Al 

Sb 

As 

Ba 

Be 

Bi 

B 

Ca 

C 

CI 

Cr 

Co 

Cu 
F 

Au 

H 

Fe 

Pb 

Li 

Mg 

Mn 

Hg 

Mo 

Ni 

Nb 

0 

P 

Pt 

K 

Si 

Ag 

Na 

Sr 

S 

Ta 

Te 

Sn 

Ti 

w 

U 
V 
Zn 

Trivalent 

27 

Antimonv 

Trivalent  and  pentavalent 

120 

Arsenic 

Trivalent  and  pentavalent 

75 

Barium 

Bivalent 

137 

Beryllium 

Bivalent 

9 

Bismuth 

Trivalent 

208 

Boron 

Trivalent 

11 

Calcium 

Bivalent 

40 

Carbon 

Tetravalent 

12 

Chlorine 

Univalent 

35.5 

Chromium 

Trivalent  and  sezivalent 

52.5 

Cobalt 

Bivalent 

50 

Columbium,  see  Niobium. 
Copper 

Univalent  and  bivalent 

03  4 

Fluorine 

Univalent 

19 

Glucinum,  see  Beryllium. 
Gold 

TTnivalent  and  trivalent 

107  3 

Hydrogen 

Univalent 

1 

Iron 

Bivalent  and  trivalent 

50 

Lead 

Bivalent  and  tetravalent 

207 

Lithium 

Univalent 

7 

Masnesium 

Bivalent 

Bivalent,  trivalent  and  tetravalent. 
Univalent  and  bivalent 

24 

Manfiranes** 

55 

Mercury 

200 

Molybdenum 

Tetravalent  and  sexivalent 

90 

Nickel 

Bivalent 

50 

Niobium 

Pentavalent 

94 

Ozvfcen 

Bivalent 

10 

Phosphorus 

Pentavalent 

31 

Platinum 

Bivalent  and  tetravalent 

196 

Potassium 

Univalent 

39  1 

Silicon 

Tetravalent 

28 

Silver 

Univalent 

108 

Sodium 

Univalent 

23 

Bivalent 

87.6 

Sulphur 

Bivalent  and  sexivalent 

32 

Tantalum 

Pentavalent 

183.8 

Tellurium 

Bivalent 

125 

Tin 

Tetravalent 

119 

Titanium 

Trivalent  and  tetravalent 

48 

Sexivalent 

185 

Uranium 

Tetravalent  and  sexivalent 

240 

Vanadium 

Pentavalent 

61.4 

Zinc 

Bivalent 

654 

ANTIMONY  96 

Aluminium. 

1.  Precipitation  by  Ammoniumi  Hydroxide.  Aluminium  is 
precipitated  in  the  form  of  aluminium  hydroxide,  Al(OH)a,  when 
an  excess  of  anmionium  hydroxide  is  added  to  an  acid  solution. 
The  precipitate  is  flocculent  in  form  and  colorless  or  white.  It  is 
precipitated  under  the  same  conditions  as  ferric  hydroxide  (see 
page  101),  and  since  the  latter  has  a  dark  color  a  small  amount 
of  aluminium  hydroxide  might  be  overlooked  in  a  mixture  of 
the  two.  To  make  a  further  test,  under  these  conditions,  filter 
off  the  precipitate  and  treat  it  with  a  hot  solution  of  sodium 
hydroxide,  which  will  dissolve  any  aluminium  hydroxide  present 
but  will  not  affect  the  ferric  hydroxide.  Filter,  and  to  the  filtrate 
add  hydrochloric  acid  in  slight  excess,  and  then  make  alkaline 
with  ammonium  hydroxide  again.  This  will  precipitate  any 
aluminium  that  may  be  present  as  pure  aluminium  hydroxide. 

2.  Blowpipe  Test  with  Cobalt  Nitrate.  Light  colored  and 
infusible  aluminium  minerals  when  moistened  with  a  drop  of 
cobalt  nitrate  and  heated  intensely  before  the  blowpipe  assume 
a  dark  blue  color. 


Antimony. 

1.  Oxide  Coating  on  Charcoal.  When  an  antimony  mineral 
is  heated  in  the  oxidizing  flame  on  charcoal,  a  heavy  white  coat- 
ing of  antimony  oxide  settles  on  the  charcoal  at  a  short  distance 
from  the  mineral.    The  coating  is  readily  volatile  when  heated. 

2.  Oi>en  Tube  Test.  When  metallic  antimony  or  a  compound 
of  antimony  with  sulphur  is  heated  in  the  open  tube,  a  white 
powdery  sublimate  of  antimony  oxide,  Sb203,  forms  in  a  ring 
on  the  inner  wall  of  the  tube,  a  short  distance  above  the  mineral. 
It  is  a  volatile  coating.  If  the  mineral  contains  sulphur,  as  is 
usually  the  case,  a  second  coating  will  form  as  a  white  powder 
along  the  bottom  of  the  tube.  It  is  another  oxide  of  antimony, 
Sbi04.  It  is  nonvolatile  and  is  usually  more  conspicuous  than 
the  first. 
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Arsenic. 

The  test  to  be  used  for  arsenic  depends  upon  whether  the 
mineral  contains  oxygen.  In  the  majority  of  cases  an  arsenic 
compound  does  not  contain  oxygen,  and  then  tests  1,  2  and  3 
will  serve.  If,  on  the  other  hand,  the  mineral  is  an  oxygen  com- 
pound, test  4  must  be  used. 

1.  Oxide  Coating  on  Charcoal.  When  an  arsenic  mineral 
is  heated  in  the  oxidizing  flame  on  charcoal,  a  white  coating  of 
arsenious  oxide,  AS2O3,  is  deposited  on  the  charcoal  at  some  dis- 
tance from  the  mineral.  The  coating  is  very  volatile.  Its  for- 
mation is  usually  accompanied  by  a  characteristic  odor  of  gariic. 

2.  Open  Tube  Test.  When  an  arsenic  mineral  is  carefully 
heated  in  the  open  tube  a  colorless  or  white  crystalline  sublimate 
of  arsenious  oxide,  AS2O3,  forms  in  a  ring  on  the  inner  wall  of 
the  tube  at  a  considerable  distance  above  the  mineral.  It  is 
very  volatile.  When  examined  with  a  lens  the  coating  will 
usually  show  well-defined  octahedral  crystals.  If  the  mineral 
is  heated  too  rapidly,  metallic  arsenic  may  sublime  instead  of  the 
oxide  (see  the  next  test). 

3.  Closed  Tube  Test.  Many  arsenic  minerals  when  heated 
in  a  closed  tube  yield  a  sublimate  of  metallic  arsenic,  kno^  as 
the  arsenic  mirror.  This  sublimate  shows  an  amorphous  black 
band  above  and  a  silver-gray  crystalline  band  below.  If  the 
bottom  of  the  tube  be  broken  off  and  the  metallic  arsenic  volatil- 
ized by  heat,  the  characteristic  garlic  odor  will  be  obtained. 

4.  Closed  Tube  Test  for  an  Arsenate.  When  arsenic  occun 
in  a  mineral  in  the  form  of  an  arsenate,  i.e.,  an  oxidized  com- 
pound, none  of  the  above  tests  will  serve.  In  this  case  place  the 
mineral  in  a  closed  tube  with  a  splinter  of  charcoal  and  then 
heat.  The  charcoal  will  act  as  a  reducing  agent  and  set  metallic 
arsenic  free,  which  will  condense  on  the  wall  of  the  tube  as  an 
arsenical  mirror  similar  to  that  described  under  test  3. 

Barium. 

1.  Flame  T6st.  Barium  minerals  when  heated  intensely  give 
a  yellowish  green  flame  color. 
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2.  Precipitation  as  Barium  Sulphate.  Barium  is  precipi- 
tated as  barium  sulphate,  BaS04,  from  an  acid  solution  by  the 
addition  of  dilute  sulphuric  acid.  The  precipitate  is  white  and 
finely  divided  and  being  very  insoluble  will  form  in  a  quite  dilute 
solution  (distinction  from  calcium  and  strontium). 

3.  Alkaline  Reaction.  Barium  is  an  alkaline  earth  metal. 
When  a  mineral  contains  barium  in  combination  with  a  volatile 
acid,  it  will  give,  after  ignition,  a  residue  which  will  react  alkaline 
on  a  piece  of  moistened  turmeric  paper. 

■ 

Beryllium  or  Glucinum. 

Beryllium  is  a  rare  element  which  has  no  simple  blowpipe  or 
chemical  {est. 

Bismuth. 

1.  Charcoal  Tests.  When  heated  with  sodium  carbonate  on 
charcoal  in  the  reducing  flame,  a  bismuth  mineral  will  yield  a 
metallic  globule  and  an  oxide  coating.  The  metal  is  easily 
fusible,  lead-gray  when  hot,  but  becomes  covered  with  an  oxide 
coating  on  cooling.  It  is  only  imperfectly  malleable,  for  when 
hanmiered  out  it  flattens  at  first  but  later  breaks  into  small 
grains.  The  oxide  coating,  Bi208,  is  white  with  a  yellow  ring 
next  the  mineral.  These  bismuth  reactions  are  quite  similar  to 
those  for  lead  (see  page  102),  consequently  the  following  modi- 
fication is  useful.  If  the  bismuth  mineral  is  fused  on  charcoal 
with  a  mixture  of  potassium  iodide,  KI,  and  sulphur  (see  page 
92),  a  characteristic  and  distinctive  coating  is  obtained.  This 
sublimate  is  yellow  next  to  the  mineral  and  brilliant  red  on 
the  outside.  Under  similar  conditions  with  lead  a  solid  yellow 
coating  would*  be  obtained. 

Boron. 

1.  Flame  Test.  vSome  boron  minerals  give  a  yellow-green 
flame  when  heated  alone.  Most  boron  minerals,  however,  will 
only  yield  the  flame  color  when  their  powder  is  mixed  with  acid 
potassium  sulphate  and  fluorite  mixture  (see  page  92)  and  then 
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introduced  on  a  platinum  wire  into  a  Buds^i  burner  flame.  As 
the  mixture  fuses,  a  momentary  but  distinct  green  flame  ii 
obtained. 

Calcium. 

1.  Flame  Test.  When  calcium  occurs  in  a  mineral  in  sadi 
a  state  that  it  can  be  volatilized  by  heat,  it  will  yidd  a  cbarae- 
teristic  orange  flame  color.  Frequently  the  mineral  has  to  be 
moistened  by  hydrochloric  acid  before  heating.  The  flame 
should  not  be  confused  with  the  crimson  and  more  pendstent 
flame  of  strontium  or  lithium. 

2.  Alkaline  Reaction.  Calcium  is  an  alkali-earth  metal 
When  a  mineral  contains  calcium  in  a  combination  with  a  vda- 
tile  acid,  it  will  give,  after  ignition,  a  residue  which  will  react 
alkaline  on  a  piece  of  moistened  turmeric  paper. 

3.  Precipitation  as  Calcium  Oxalate  or  Carbonate.  Ca^ 
cium  is  readily  and  completely  precipitated  from  alkaline  solu- 
tions as  calcium  oxalate,  CaCs04,  or  calcium  carbonate,  CaCOt, 
by  the  addition  of  ammonium  oxalate,  (NH4)sC204,  or  ammonium 
carbonate,  (NH4)2C03.  Both  precipitates  are  white  and  finely 
divided. 

4.  Precipitation  as  Calcium  Sulphate.  Calcium  is  precipi- 
tated from  a  concentrated  hydrochloric  acid  solution  as  calcium 
sulphate  on  the  addition  of  a  little  dilute  sulphuric  acid.  The 
precipitate  is  quite  readily  soluble  in  water  and  therefore  will 
not  form  in  a  dilute  solution  (distinction  from  barium  aiKi 
strontium). 

Carbon. 

Carbon  exists  in  minerals  chiefly  in  the  form  of  carbonic  add 
in  the  carbonates. 

1.  Test  for  Carbon  Dioxide  with  an  Acid.  All  carbonates 
when  treated  with  a  strong  acid  (best  hydrochloric)  dissolve 
with  a  vigorous  effervescence  of  carbon  dioxide  gas.  In  some 
cases  (for  example,  dolomite,  CaMg(COs)s)  the  acid  needs  to  be 
heated  to  start  the  reaction,  and  in  others  (for  example,  ceruadte, 
PbCOa)  a  dilute  acid  is  necessary.  Carbon  dioxide  gas  is  colorlesB 
and  odorless.    It  will  not  support  combustion,  as  is  shown  when 
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a  lighted  match  is  placed  in  a  test  tube  that  contains  it.  The 
gas  is  heavier  than  air  and  can  be  poured  from  the  test  tube  in 
which  it  has  been  generated  into  anoth^  in  which  some  barium 
hydroxide  solution  has  been  placed.  When  the  contents  of  the 
latter  tube  are  shaken  together,  the  carbon  dioxide  reacts  with 
the  barium  hydroxide  to  form  a  white  precipitate  of  barium 
carbonate,  BaCOt. 

Chlorine. 

1.  Precipitation  as  Silver  Chloride.  Chlorine  is  precipi- 
tated from  a  dilute  nitric  acid  solution  as  silver  chloride,  AgCl, 
by  the  addition  of  a  small  amount  of  silver  nitrate,  AgNOs. 
The  test  is  very  delicate,  traces  of  chlorine  being  shown  by  a 
milky  appearance  of  the  solution.  When  in  any  quantity  the 
precipitate  is  curdy  in  form.  It  is  white  on  precipitation  but 
darkens  on  exposure  to  light.  It  is  soluble  in  ammonium 
hydroxide. 

Chromium. 

1.  Bead  Tests.  Chromium  is  usually  tested  for  by  the  color 
it  gives  to  the  fluxes  (see  page  91).  The  salt  of  phosphorus  bead 
when  fused  in  the  oxidizing  flame  yields  a  fine  green  color.  This 
IS  the  most  characteristic  chromium  bead. 

Cobalt. 

1.  Bead  Tests.  A  cobalt  mineral  when  fused  in  either  a 
borax  or  salt  of  phosphorus  bead  yields  a  distinctive  dark  blue 
color.    The  test  is  very  delicate. 

Columbium,  see  Niobium. 

Copper. 

1.  Flame  Tests.  An  oxidized  compound  of  copper  when 
introduced  into  the  flame  gives  it  a  vivid  green  flame  color  due 
to  the  copper  oxide  volatilized.  When  the  mineral  is  moistened 
with  hydrochloric  acid  and  then  heated,  the  flame  color  is  an 
mtense  blue.  If  the  mineral  is  a  sulphide,  it  must  be  roasted  in 
the  oxidizing  flame  before  moistening  with  hydrochloric  acid. 


P/>mA.-?v^ 
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2.  Blue  Solution  with  Ammonium  Hydroxide.  If  an  acid 
solution  containing  copper  is  made  alkaline  with  ammonium 
hydroxide,  it  will  assume  a  deep  blue  color. 

3.  Reduction  to  Metal  on  Charcoal.  When  a  small 
amount  of  a  copper  mineral  is  mixed  with  a  flux  (best  equal 
parts  of  sodium  carbonate  and  borax),  placed  on  charcoal  and 
heated  intensely  in  the  reducing  flame,  metallic  globules  of  cop- 
per will  be  formed.  They  are  difficultly  fusible,  bright  when 
hot,  but  become  coated  with  an  oxide  coating  on  cooling.  They 
are  malleable  and  show  the  characteristic  copper  color.  Sul- 
phides of  copper  must  first  be  roasted  in  the  oxidizing  flame  in 
order  to  remove  the  sulphur  before  mixing  with  the  flux. 

Fluorine. 

1.  Etching  Tests.  The  ordinary  test  for  fluorine  consists 
in  converting  it  into  hydrofluoric  acid  and  observing  the  latter's 
etching  effect  upon  glass.  A  watch  glass  or  other  piece  of  glass 
may  be  covered  with  paraffin  and  then  the  coating  removed 
in  spots.  Upon  this  is  placed  the  powdered  mineral  with  a 
few  drops  of  concentrated  sulphuric  acid.  The  action  of  the 
acid  upon  the  fluoride  will  serve  to  liberate  hydrofluoric  acid, 
which  will  in  turn  etch  the  glass  where  it  has  been  exposed. 
The  action  should  be  allowed  to  continue  for  some  time,  when 
on  cleaning  the  glass  the  etched  spots  will  be  visible. 

A  modification  of  the  above  test  can  be  made  in  a  closed  tube. 
Take  a  closed  tube  of  about  }  inch  diameter  and  made  preferably 
of  hard  glass.  Into  this  introduce  a  powdered  mixture  of  the 
mineral,  glass  and  acid  potassium  sulphate,  and  then  heat  in 
the  Bunsen  burner  flame.  When  heated,  acid  potassium  sul- 
phate is  converted  into  the  normal  potassium  sulphate  with 
the  liberation  of  sulphuric  acid.  The  acid  attacks  the  fluoride 
and  sets  free  hydrofluoric  acid.  This  in  turn  acts  upon  the  glass 
present  and  etches  it.  The  etching,  however,  is  not  readily 
apparent  on  account  of  the  conditions  of  the  experiment.  As  a 
secondary  reaction,  however,  there  will  be  formed  in  the  upper 
part  of  the  tube  a  white  sublimate  of  silicon  dioxide.  This 
sublimate  is  volatile  because  of  the  presence  with  it  of  small 
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loiints  of  hydrofluosilicic  acid.  If  the  bottom  of  the  tube  is 
oken  off  and  its  interior  gently  washed  with  water,  this  acid 
II  be  dissolved  and  removed.  If  the  tube  is  now  dried  again, 
le  white  coating  will  prove  to  be  no  longer  volatile.  This 
licon  dioxide  coating  is  a  proof  of  the  action  of  hydrofluoric 
3id  in  the  bottom  of  the  tube  and  therefore  of  the  presence 
i  fluorine  in  the  mineral. 

Glucinum,  see  Beryllium. 

Gold. 

There  is  no  simple  blowpipe  or  chemical  test  for  gold.  Or- 
dinarily its  physical  characteristics  are  sufficient  to  identify  it. 
For  a  discussion  of  the  occurrence  and  tests  for  gold  see  page  126. 

Hydrogen. 

1.  Closed  Tube  Test  for  Water.  Hydrogen  exists  in  min- 
erals either  as  water  of  crystallization  (for  example,  gypsum, 
CaS04.2H20)  or  as  the  hydroxyl  radical  (for  example,  brucite, 
Mg(0H)2).  In  either  case  its  presence  may  be  detected  by 
heating  a  fragment  of  the  mineral  in  a  closed  tube  and  observing 
the  water  which  condenses  upon  the  upper  cold  wall  of  the  tube. 
Water  of  crystallization  is  driven  off  more  readily  than  water  of 
hydroxyl,  but  the  test  is  easily  obtained  in  either  case. 

Iron. 

1.  Magnetic  Test.  Any  mineral  that  contains  a  sufficient 
amount  of  iron  to  permit  it  to  be  classified  as  an  iron  mineral 
will  readily  become  magnetic  when  heated  in  the  reducing  part 
of  the  blowpipe  flame.  A  comparatively  small  fragment  should 
be  used  and  the  test  made  with  a  magnet  after  it  has  cooled. 

2.  Precipitation  with  Ammonium  Hydroxide.  Ferric  iron 
is  readily  and  completely  precipitated  as  ferric  hydroxide, 
Fe(0H)3,  from  an  acid  solution  by  adding  an  excess  of  ammo- 
nium hydroxide.    It  is  a  flocculent  precipitate  with  a  reddish 
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brown  color.  If  there  is  any  doubt  as  to  the  state  of  oxidation 
of  the  iron  in  the  original  solution,  a  few  drops  of  nitric  acid 
should  be  added  and  the  solution  heated  in  order  to  make  cer- 
tain that  the  iron  is  ferric. 

3.  Cyanide  Tests  for  Ferrous  and  Ferric  Iron.  Occa- 
sionally it  may  be  important  to  determine  whether  the  iron  in 
a  mineral  is  ferrous  or  ferric  in  its  valence.  This  can  be  done 
only  when  the  mineral  is  soluble  in  a  nonoxidizing  acid  like 
hydrochloric  and  when  it  is  not  a  sulphide.  If  these  conditions 
can  be  fulfilled,  then  divide  the  solution  into  two  parts.  To  one 
add  a  few  drops  of  a  dilute  solution  of  potassium  /encyanide, 
and  if  the  solution  contains  any  ferrous  iron  a  heavy  dark  blue 
precipitate  will  form.  If,  on  the  other  hand,  it  contained  only 
ferric  iron,  there  would  be  no  precipitate  but  only  a  darkening 
of  the  color  of  the  solution.  To  the  second  portion  of  the 
solution  add  a  few  drops  of  a  dilute  solution  of  potassium  Jero- 
cyanide,  and  if  there  is  d^ny  ferric  iron  present  a  heavy  dark  blue 
precipitate  similar  to  the  one  in  the  previous  case  will  form. 
But  if  the  solution  contained  only  ferrous  iron,  a  light  blue 
precipitate  would  be  formed.  The  characteristic  dark  blue  pre- 
cipitate must  contain  both  valences  of  iron  and  will  only  form 
when  a  cyanide  is  added  containing  the  opposite  kind  of  iron  to 
that  already  in  the  solution. 

Ammonium  or  potassium  sulphocyanate  is  also  used  in  making 
the  ferric  test.  A  few  drops  of  one  of  these  reagents  added  to 
a  ferric  iron  solution  will  give  it  a  deep  red  color.  All  of  these 
tests  are  extremely  delicate  and  will  give  good  results  if  only  a 
trace  of  iron  is  present.  They  should  never  be  used  to  deter- 
mine the  presence  of  iron  in  a  mineral  but  only  to  differentiate 
ferrous  from  ferric  iron. 

Lead. 

1.  Charcoal  Test.  Any  lead  mineral  when  powdered  and 
mixed  with  sodium  carbonate  will  yield  a  metallic  globule  when 
the  mixture  is  heated  on  charcoal  in  the  reducing  flame.  The 
globule  is  bright  lead  color  when  hot,  but  becomes  covered  with 
a  dull  oxide  coating  on  cooling.    It  is  very  malleable  and  can 
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e  hammered  out  into  a  thin  sheet.  A  coating  on  the  charcoal 
f  lead  oxide,  PbO,  will  also  form,  which  varies  in  color  from 
'ellow  next  to  the  fused  mass  to  white  at  a  distance.  It  will  be 
>est  obtained  by  removing  the  lead  globule  to  a  fresh  piece  of 
charcoal  and  heating  it  in  the  oxidizing  flame. 

2.  Acid  Tests.  Lead  minerals  as  a  rule  are  only  slowly 
attacked  by  acids.  Dilute  nitric  acid  is  the  best  solvent  to  use. 
If  to  a  nitric  acid  solution  a  few  drops  of  hydrochloric  or  sul- 
phuric acid  are  added,  white  precipitates  wiU  form,  which  are 
respectively  lead  chloride,  PbCli,  and  lead  sulphate,  PbS04. 
The  latter  is  quite  insoluble. 

Lithium. 

1.  Flame  Test.  Lithium  is  a  rare  element  which  is  to  be 
distinguished  by  the  persistent  and  strong  crimson  color  which 
it  gives  to  the  flame. 

Magnesium. 

1.  Precipitation  as  Ammonium  Magnesium  Phosphate. 

The  only  conunon  test  for  magnesium  is  to  precipitate  it  in  the 
form  of  anm[ionium  magnesium  phosphate,  NH4MgP04,  by  the 
addition  of  hydrogen  sodium  phosphate,  HNa2p04,  to  a  strongly 
ammoniacal  solution.  The  precipitate  usually  forms  somewhat 
slowly,  is  white  in  color  and  frequently  is  granular  in  texture. 
In  order. to  make  a  decisive  test  certain  precautions  are  neces- 
sary. As  the  precipitation  is  made  in  an  ammoniacal  solution, 
any  precipitates  formed  by  an  excess  of  ammonium  hydroxide 
must  be  first  filtered  off.  It  may  be  necessary  before  adding 
the  ammonium  hydroxide  to  add  a  few  drops  of  nitric  acid  so 
as  to  make  certain  that  any  iron  in  the  solution  is  in  the  ferric 
state.  Also,  before  making  the  final  test,  any  elements,  such 
as  calcimn,  strontium  and^  barium,  that  are  precipitated  in  am- 
moniacal solution  by  means  of  ammonium  oxalate,  must  be 
removed.  In  any  case  their  presence  must  be  tested  for  before 
adding  the  hydrogen  sodium  phosphate,  because,  if  present,  they 
would  be  precipitated  by  that  reagent  along  with  the  magnesium. 
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Manganese. 

1.  Bead  Tests,  a.  Manganese  gives  to  the  sodium  carbo- 
nate bead  when  heated  in  the  oxidizing  flame  a  characteristic 
bluish  green  color.    The  bead  is  opaque  when  cold. 

b.  With  the  borax  bead,  when  heated  in  the  oxidizing  flame 
manganese  gives  a  purple  or  amethystine  color.  The  bead  is 
transparent  when  cold. 

Both  tests  are  very  delicate. 

Mercury. 

1.  Closed  Tube  Tests.  The  powdered  mineral  is  thoroughly 
mixed  with  dry  sodium  carbonate  and  placed  in  a  closed  tube 
and  then  heated.  The  sodium  carbonate  will  decompose  the 
mineral  and  liberate  metallic  mercury,  which  will  volatilize  and 
condense  in  the  upper  part  of  the  tube. 

2.  Precipitation  on  Copper.  Boil  the  powdered  mineral 
with  hydrochloric  acid,  into  which  some  powdered  pyrolusite, 
Mn02,  has  been  placed.  The  chlorine  evolved  by  the  action 
of  the  acid  on  the  manganese  dioxide  will  serve  to  dissolve  the 
mercury  mineral.  If  into  this  solution  a  clean  strip  of  copper 
is  placed  (a  cent  which  has  been  cleaned  with  a  little  nitric  acid 
will  serve),  it  will  become  covered  by  a  thin  coating  of  metallic 
mercury. 

The  chief  and  only  common  mineral  of  mercury  is  cinnabar, 
HgS,  and  for  its  distinctive  physical  and  chemical  tests  see 
page  145. 

Molybdenum. 

The  tests  for  the  rare  element  molybdenum  depend  upon 
whether  it  is  in  combination  with  sulphur  or  in  an  oxygen  com- 
pound. See  under  molybdenite,  page  137,  and  under  wulfenite, 
page  308,  for  descriptions  of  the  various  tests. 

Nickel. 

1.  Borax  Bead  Test.  When  dissolved  in  a  borax  bead  in  the 
oxidizing  flame,  nickel  will  give  it  a  brownish  color.  If  the  bead 
is  heated  in  the  reducing  flame  for  some  time,  it  will  become 
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)aque  because  of  the  separation  in  it  of  metallic  nickel.  The 
:own  color  due  to  nickel  is  often  masked  by  the  deep  blue  color 
le  to  the  presence  of  cobalt,  which  is  frequently  associated 
ith  nickel  in  its  occurrence.  In  this  case  there  is  no  simple 
St  for  nickel. 

2.  In  Axnmoniacal  Solution.  A  comparatively  strong  acid 
»lution  of  nickel  will  on  the  addition  of  an  excess  of  ammonium 
i^droxide  become  light  blue  in  color.  The  test  should  not  be 
infused  with  the  similar  but  stronger  test  for  copper. 

Niobium. 

Niobium,  or  columbium,  as  it  is  sometimes  called,  is  a  rare 
id  element  that  is  associated  with  tantalum  in  the  niobates 
id  tantalates. 

1.  Reduetion  Test  with  Tin.  The  best  test  for  niobium 
to  fuse  some  of  the  powdered  mineral  with  several  parts  of 
diiun  carbonate.  The  resulting  mass  is  dissolved  in  a  few 
hie  centimeters  of  dilute  hydrochloric  acid  and  then  a  few 
ains  of  metallic  tin  are  added.  The  solution  is  boiled  and  the 
^drogen  set  free  by  the  action  of  the  acid  on  the  tin  serves  as 
reducing  agent.  The  result  is  to  form  a  compound  of  niobium 
lich  is  dark  blue  in  color.  This  color  does  not  readily  change 
brown  on  continued  boiling,  and  disappears  on  addition  of 
iter.  This  distinguishes  the  niobium  test  from  a  similar  one 
r  timgsten  (see  page  111). 

Oxygen.  • 

While  oxygen  is  one  of  the  most  common  elements  in  minerals, 
3  presence  is  ordinarily  determined  indirectly  by  testing  for 
le  different  oxygen  acids.  In  the  case  of  a  few  oxides  in  which 
lere  is  an  excess  of  oxygen,  a  direct  test  may  be  made. 
1.  Closed  Tube  Test.  The  powdered  oxide  is  placed  in  a 
osed  tube  with  a  small  splinter  of  charcoal  resting  just  above 
.  The  tube  is  heated  and  if  free  oxygen  is  evolved  the  charcoal 
ill  at  first  glow  and  then  burn  with  a  bright  light.  It  is  to  be 
5ted  that  only  a  few  oxides  which  contain  an  excess  of  oxygen 
ill  give  this  test. 
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Phosphorus. 

1.  Precipitation  with  Ammoniuxn  Molybdate.  Phosphorus 
exists  in  minerals  in  the  form  of  phosphoric  acid  in  the  phos- 
phates. It  is  best  tested  for  by  forming  a  dilute  nitric  acid 
solution  of  the  mineral  and  adding  a  few  cubic  centimeters  of 
this  to  an  excess  of  ammonium  molybdate  solution.  A  canary- 
yellow  precipitate  of  ammonium  phosphomolybdate  will  be 
formed.  The  precipitate  forms  slowly  at  first  and  comes  down 
best  in  a  warm  solution. 

2.  Flame  Test.  Many  phosphates  when  heated  before  the 
blowpipe  give  a  pale  bluish  green  flame  color.  This  may  fre- 
quently be  obtained  better  when  the  mineral  has  previously 
been  moistened  with  a  drop  of  concentrated  sulphuric  acid. 

Platinum. 

There  are  no  simple  blowpipe  or  chemical  tests  for  platinum. 
The  physical  characteristics  of  the  metal  are  usually  sufficient 
for  its  identification  (see  page  132). 

Potassium. 

1.  Flame  Test.  Volatile  potassium  salts  give  a  characte^ 
istic  pale  violet  flame  color.  The  potassium  flame  will,  how- 
ever, commonly  be  obscured  by  the  stronger  yellow  flame  of 
sodium.  This  difficulty  can  be  overcome  by  filtering  the  flame 
through  a  piece  of  blue  glass.  The  sodium  flame,  being  a  mono- 
chromatic light,  cannot  pass  through  the  blue  glass,  while  the 
violet  flame  of  potassium  will  be  visible. 

When  the  potassium  does  not  exist  in  the  mineral  in  a  volatile 
state,  as  in  the  case  with  potassium  silicates,  the  powdered  minr 
eral  must  be  first  thoroughly  mixed  with  gypsum  (CaS04.2£U)) 
and  the  mixture  introduced  into  the  Bunsen  burner  flame  on 
a  platinum  wire.  There  will  be  a  reaction  between  the  two, 
and  the  potassium  will  be  liberated  in  the  form  of  a  sulphate, 
which,  being  a  volatile  salt,  will  give  the  flame  color.  It  will 
be  momentary  in  duration  and  must  be  viewed  through  the 
blue  glass. 
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Silicon. 

Silicon  exists  as  the  acid  element  in  the  large  group  of  minerals 
mown  as  the  silicates.  Some  of  these  are  readily  soluble  in 
icids,  but  the  greater  part  are  quite  insoluble.  The  tests  em- 
ployed differ  somewhat  in  the  two  cases. 

1.  Test  for  a  Soluble  Silicate.  If  the  silicate  is  soluble,  it 
;hoiild  be  powdered  and  dissolved  in  boiling  hydrochloric  acid. 
When  this  solution  is  evaporated  a  jelly  like  material  will  sepa- 
:^te  out  just  before  drjniess  is  reached.  This  silica  jelly,  as 
t  is  called,  is  a  form  of  silicic  acid  and  proves  the  presence  of 
silicon  in  the  mineral.  On  continued  evaporation  it  will  be 
dehydrated  and  converted  into  a  sandy  and  insoluble  substance 
having  the  composition  of  silicon  dioxide,  Si02. 

2.  Test  for  an  Insoluble  Silicate.  In  the  case  of  an  in- 
soluble silicate,  the  mineral  must  be  decomposed  by  fusion 
with  sodium  carbonate  before  treating  it  with  an  acid.  Make 
a  mixture  of  one  part  of  the  powdered  mineral  to  three  parts  of 
sodium  carbonate  and  fuse  thoroughly  before  the  blowpipe  on  a 
loop  of  platinum  wire.  It  is  best  to  make  two  or  three  such 
beads.  The  fusion  serves  to  decompose  the  silicate  and  to 
render  the  resulting  mass  wholly  soluble  in  acids.  The  beads 
are  powdered  and  dissolved  in  boiling  dilute  nitric  acid.  The 
evaporation  is  conducted  as  explained  in  experiment  1  and  a 
similar  silica  jelly  is  obtained. 

Frequently  it  is  desirable  to  make  tests  for  the  bases  which 
are  present  in  the  silicate.  In  this  case,  after  the  formation  of 
the  jelly,  continue  the  evaporation  to  complete  dryness.  This 
converts  the  silicon  into  the  insoluble  oxide  but  leaves  the  bases 
in  the  form  of  various  soluble  salts.  Treat  the  residue  in  the 
test  tube  with  a  little  water  and  hydrochloric  acid,  warm  and 
filter  from  the  insoluble  silica.  Add  an  excess  of  ammonium 
hydroxide  to  the  filtrate  to  precipitate  any  aluminium  or  ferric 
iron  as  their  respective  hydroxides.  Filter  if  necessary,  and  to 
the  filtrate  add  a  little  ammonium  oxalate  to  precipitate  any 
calcium  as  calciimi  oxalate.  Filter  again,  and  to  the  filtrate  add 
more  ammonium  hydroxide  if  necessary  and  then  a  little  hydro- 
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gen  sodium  phosphate,  which  will  precipitate  any  nia^nesium 
present  as  ammonium  magnesium  phosphate. 

3.  Decomposition  of  Silicates  by  Acids.  Certain  silicates, 
when  their  powder  is  treated  with  boiling  hydrochloric  acid, 
are  decomposed,  the  bases  going  into  solution  and  the  silicon 
separating  as  the  dioxide,  SiOs.  In  this  case  there  would  be 
no  jelly  formed  when  the  solution  is  evaporated.  The  mineral 
powder  in  such  cases  disappears,  but  the  solution  never  becomes 
perfectly  clear  owing  to  the  silica,  which  remains  in  suspension 
in  the  solution.  It  gives  the  solution  a  translucent  appearance. 
The  surest  proof  that  the  mineral  has  been  decomposed  is  to 
filter  the  solution  and  test  for  various  bases  in  the  filtrate  in  a 
similar  manner  to  that  described  under  test  2. 

4.  Test  with  the  Salt  of  Phosphorus  Bead.  When  the 
powder  of  a  silicate  is  heated  in  a  salt  of  phosphorus  bead,  the 
bases  are  dissolved,  leaving  the  silica  present  as  an  insoluble 
translucent  skeleton. 

Silver. 

1.  Reduction  to  the  Metal  on  Charcoal.  Silver  can  fre- 
quently be  reduced  to  a  metallic  globule  from  its  compounds 
by  heating  the  powdered  mineral  on  charcoal  with  sodium  car- 
bonate. The  resulting  globule  is  bright  both  when  hot  and 
cold.  It  is  malleable.  No  accompanying  coating  is  fonned 
on  the  charcoal.  This  test  for  silver  is  frequently  complicated 
by  the  presence  of  lead,  arsenic  or  antimony  in  the  mineral. 
Usually  the  mineral  should  be  carefully  roasted  on  charcoal  in 
the  oxidizing  flame  before  attempting  the  reduction  in  order  to 
remove  the  last  two;  otherwise  a  brittle  globule  will  result. 
In  many  cases  the  only  satisfactory  test  for  silver  is  the  fire 
assay. 

2.  Precipitation  as  Silver  Chloride.  When  a  silver  mineral 
is  dissolved  in  nitric  acid  and  to  the  solution  a  few  drops  of 
hydrochloric  acid  is  added,  a  white  curdy  precipitate  of  silver 
chloride,  AgCl,  is  formed.  The  test  is  quite  delicate,  and  if 
there  is  only  a  trace  of  silver  in  the  solution  its  presence  will  be 
indicated  by  a  milky-blue  coloration.    The  precipitate  is  white 
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bt  first  but  darkens  on  exposure  to  light.  It  is  soluble  in  am- 
momum  hydroxide.  Frequently  when  a  silver  mineral  is  treated 
with  nitric  acid  a  precipitate  will  result  at  once.  This  may  be 
metantinionic  acid,  lead  sulphate,  etc.,  and  should  be  filtered 
off  before  making  the  silver  test. 

Sodium. 

1.  Flame  Test.  Sodium  compounds  when  heated  give  a 
strong  and  persistent  yellow  flame.  The  test  is  very  delicate 
and  must  be  used  with  care,  for  only  a  trace  of  sodium  may 
yield  a  distinct  flame.  If  the  mineral  contains  sodium  in  any 
notable  amoimt,  it  should  give  an  intense  and  continuous  flame 
color. 

Strontium. 

1.  Flame  Color.  Strontium  compounds  give  a  very  strong 
and  persistent  crimson  flame.  The  only  other  flame  which  is 
similar  is  that  obtained  from  lithium.  Strontium  can  be  posi- 
tively determined  from  lithium  by  the  following  tests. 

2.  Alkaline  Reaction.  When  a  mineral  contains  strontium 
in  combination  with  a  volatile  acid,  it  will  give,  after  ignition,  a 
residue  which  will  react  alkaline  on  a  piece  of  moistened  turmeric 
paper. 

3.  Precipitation  as  Strontium  Sulphate.  Strontium  is  pre- 
cipitated from  a  mediumly  dilute  solution  as  strontium  sulphate, 
SrSO«,  on  the  addition  of  a  little  dilute  sulphuric  acid.  The 
precipitate  is  somewhat  soluble  and  will  not  form  in  very  dilute 
solutions  (distinction  from  calcium  and  barium,  which  see). 

Sulphur. 

Sulphur  exists  in  minerals  either  without  oxygen,  as  in  the 
sulphides,  or  with  oxygen,  as  in  the  sulphates.  These  two  types 
of  sulphur  compounds  require  different  tests. 

Tests  for  Sulphur  in  Sulphides. 

1.  Open  Tube  Test.  Sulphides  when  heated  in  the  open 
tube  give  off  sulphur  dioxide  gas,  which  escapes  with  the  current 


110  MANUAL  OF  MIXBEALOGY 

ci  air  from  the  upper  end  of  the  tube.  Its  jHesenoe  can  be  de- 
tected by  iCiS  pungent  and  irritating  odor.  A  jnece  of  moistened 
blue  litmus  paper  inserted  into  the  upjp&  end  of  the  tube  wiU 
turn  red  on  account  of  the  sulphurous  acid  formed. 

2.  Charcottl  Tost.  The  odor  of  sulphur  dionde  maybe 
obtained  when  a  sulphide  is  roasted  <m  charcoaL 

3.  Fusion  with  Sodiniii  CSaibonate.  When  a  sulphide  is 
fused  on  charcoal  with  sodium  carbonate,  the  residue,  unless  the 
heating  has  been  too  prc^onged,  will  contain  sodium  sulphide. 
If  the  slag  is  remo^'ed  and  placed  with  a  dn^  of  wattf  <m  & 
clean  silver  surface  (a  coin  will  serve),  there  will  result  a  daris 
brown  stain  due  to  the  formation  of  slver  sulphide. 

Tests  for  Sulphur  in  Sulphates. 

The  test  for  sulphuric  acid  depends  upon  whether  the  sulphate 
is  soluble  or  insoluble  in  acids. 

1.  Test  for  a  Soluble  Sulphate.  If  the  sulphate  is  soluble, 
treat  it  with  hydrochloric  acid,  and  to  the  resulting  solution  add 
a  little  barium  chloride.  A  heavy  white  precipitate  of  barium 
sulphate  will  result. 

2.  Test  for  an  Insoluble  Sulphate.  Powder  the  mineral, 
mix  with  sodium  carbonate  and  charcoal  dust  and  fuse  on  char- 
coal in  the  reducing  flame.  The  charcoal  serves  to  reduce  the 
sulphate  to  a  sulphide,  so  that  the  resulting  slag  contains  sodium 
sulphide.  When  the  fused  mass  is  placed  with  a  drop  of  water 
on  a  clean  silver  surface,  a  dark  brown  stain  of  silver  sulphide 
will  form.  It  is  to  be  noted  that  a  sulphide  would  yield  the 
same  test  (see  above),  so  that  it  is  necessary  to  make  certain  that 
the  mineral  being  tested  does  not  belong  to  that  chemical  group. 

Tantalum. 

There  is  no  simple  test  for  tantalum.    It  is  usually  associated, 
however,  with  niobium  (see  page  105). 

Tellurium. 

1.  Test  with  Sulphuric  Acid.     AA  hen  a  telluride  is  heated 
in  concentrated  sulphuric  acid,  it  gives  a  deep  crimson  color  to 
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B  solution.  The  color  will  disappear  if  the  acid  is  heated  too 
•t,  or  if  after  cooling  it  is  diluted  with  water. 
2.  Cliarcoal  Test.  When  heated  on  charcoal  a  white  sub- 
nate  of  TeOs  is  formed  which  somewhat  resembles  antimony 
dde.  It  is  volatile  and  when  touched  with  the  reducing  flame 
ves  a  pale  greenish  color  to  it. 

Tin. 

1.  Reduction  to  Metallic  Olobule.  Take  a  small  amount 
f  tiie  finely  powdered  mineral  and  mix  it  with  five  or  six  volumes 
f  sodium  carbonate  and  considerable  charcoal  dust  and  fuse 
itensely  on  charcoal  in  the  reducing  flame.  Small  bright 
Jobules  of  metallic  tin  will  result.  They  become  covered  with 
ji  oxide  coating  on  cooling.  A  white  and  difficultly  volatile 
in  oxide  coating  will  form  on  the  charcoal.  If  the  tin  globule 
s  treated  with  a  little  concentrated  nitric  acid,  it  will  be  con- 
certed into  a  white  powder,  which  is  metastannic  acid. 

Titanium. 

1.  Reduction  Test  in  Hydrochloric  Acid.  A  compara- 
tively concentrated  hydrochloric  acid  solution  containing  tita- 
nium will  become  pale  violet  in  color  when  it  is  boiled  with  a 
few  grains  of  metallic  tin.  The  hydrogen  liberated  by  the  ac- 
tion of  the  acid  on  the  tin  is  a  reducing  agent  and  forms  TiCU 
in  the  solution  which  gives  this  color.  The  color  is  not  a  strong 
one,  and  the  solution  may  have  to  be  evaporated  nearly  to  dry- 
ness in  order  to  show  it  distinctly.  Most  titanium  minerals 
are  insoluble  in  hydrochloric  acid  and  must  first  be  thoroughly 
fused  with  sodium  carbonate  in  order  to  bring  the  titanium  into 
soluble  form.  The  fusion  is  best  done  by  introducing  the  finely 
powdered  mineral  into  a  sodium  carbonate  bead  made  on  a 
platinum  wire.    Several  such  beads  should  be  used. 

Tungsten. 

1.  Reduction  Test  in  Hydrochloric  Acid.  Treat  a  tungsten 
mineral  with  hydrochloric  acid.  If  it  is  decomposed  by  the  acid 
a  yellow  precipitate  of  tungstic  oxide,  WOs,  will  result.    Add 
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to  the  acid  a  few  grains  of  metallic  tin  and  boiL  The  hydrogen 
set  free  by  the  action  of  the  hydrochloric  acid  on  the  tin  serves 
bE  a  reducing  agent  and  canTerte  the  yellow  WOi  to  a  l^  pre* 
cipjtat.e  which  is  a  mixture  of  the  two  ondes  WOt  and  W0^  On 
continued  reduction  the  oxide  becomes  all  WOi  and  is  brown  in 
color.  The  test  is  Krmilar  to  the  one  for  nk^um,  but  is  to  be 
distinguished  from  that,  anoe  the  blue  oqIch'  in  the  tungsten  test 
does  not  disappear  on  dilution  of  the  Bc^ution;  and  further,  it 
turns  to  brown  on  continued  reduction.  If  the  tungst^i  mineral 
is  not  attacked  by  hydrochloric  add,  its  powder  must  first  be 
thoroughly  fused  with  sodium  carbonate.  The  resulting  mass 
is  powdered  and  digested  with  water,  which  will  dissolve  the 
sodium  tungstate  formed  during  the  fusion.  After  filtering  the 
reduction  test  is  made  as  described  above. 

Uianium. 

1.  Bead  Tests.  The  tests  for  uranium  consist  in  the  colors  it 
imparts  to  the  fluxes  (see  page  91).  The  yellowish  green  color 
given  to  the  salt  of  phosphorus  bead  when  heated  in  the  oxidiz- 
ing flame  is  the  most  characteristic. 

Vanadium. 

1.  Bead  Tests.  The  tests  for  vanadium  consist  in  the  colors 
it  imparts  to  the  fluxes  (see  page  91).  The  amber  color  given  to 
the  salt  of  phosphorus  bead  when  heated  in  the  oxidizing  flame 
is  the  most  characteristic. 

Zinc. 

1.  Oxide  Coating  on  Charcoal.  Metallic  zinc  is  easily  ob- 
tained from  the  zinc  minerals  by  fusing  them  with  sodium  car- 
bonate on  charcoal  in  the  reducing  flame.  But,  since  the  metal 
is  volatilized  at  a  temperature  considerably  below  that  of  the 
blowpipe  flame,  no  metallic  globule  can  be  formed.  The  metallic 
zinc  is  therefore  all  volatilized,  and,  meeting  the  oxygen  of  the 
surrounding  air,  is  converted  into  the  oxide,  ZnO,  which  drops 
upon  the  charcoal  as  a  nonvolatile  coating,  which  is  yellow  when 


ZINC  113 

lOt  but  white  when  cold.  The  coating  deposits  very  close  to 
he  fusion.  It  may  frequently  be  obtained  in  more  distinct  form 
>y  making  the  fusion  on  a  loop  of  platinum  wire,  which  is  held 
tbout  one-quarter  of  an  inch  from  the  surface  of  a  charcoal  block 
ind  the  blowpipe  flame  so  directed  that  the  oxide  coating  is  de- 
>osited  upon  the  charcoal  behind  the  bead.  If  the  coating  is 
noistened  with  a  drop  of  cobalt  nitrate  and  then  heated  intensely 
3y  the  blowpipe  flame,  it  will  become  dark  green  in  color. 

2.  Flame  Color.  Some  zinc  minerals,  when  a  fragment  is 
held  in  the  forceps  and  heated  in  the  reducing  flame,  will  show 
a  characteristic  flame  color.  This  is  due  to  the  burning  in  the 
flame  of  the  metallic  zinc  which  has  been  volatilized.  It  takes 
the  form  of  momentary  streaks  or  threads  in  the  flame  and  has 
a  pale  greenish  blue  color. 
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I.  N0NMETAI5. 
Diamond. 

GonqKMltloii.    Pure  carbon. 

CrTBtftlllzation.    Isometric;  tetrahedral.    CrystalBareuEiully 
octahedral  in  habit,  but  the  faces  are  commonly  curved  oi  pitted 


(Fig.  203).    Curved  faces  of  the  hexoctahedron  are  frequently 
observed   (Fig.  204).    Cubic  and  dodecahedral  planes  rue- 


Fig  20S.  Fi«.  ZOfl. 

Twins,  with  the  octahedron  as  twinning  plane  (Rg.  205) ;  rften 
flattened. 

Structurs.  Usually  in  crystals,  but  commonly  distorted  into 
elongated  and  irregular  forms.  At  times  in  spherical  forms  with 
radiating  structure.     Rarely  massive. 

Phjrslcal  Properties.  Perfect  cleavage  parallel  to  the  octa- 
hedral faces.  H.  =  10  (hardest  substance  known).  G.  -  3,5. 
Luster  adamantine  or  greasy.    Usually  colorless  or  pale  yellow. 
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Iso  pale  shades  of  red,  orange,  green,  blue  and  brown.  Itarely 
L  deep  shades  of  blue,  red  or  green;  at  times  black.  Usually 
*anspaxent  but  may  be  translucent  or  opaque.  Very  high  index 
I  refraction  (diamond  =  2.42,  quartz  =  1.55).  Strong  disper- 
xm  of  Ugbt.  Electrified  by  friction  and  becomes  phosphorescent 
''hen  rubbed  with  a  cloth.  Some  stones  after  exposure  to  sun- 
ght  give  off  a  phosphorescent  glow  in  the  dark. 

Varieties.  Ordinary,  In  rounded  crystals,  some  of  which  are 
erfectly  transparent  and  colorless  (first  water).  Others  are 
iintly  colored  in  various  shades  and  frequently  contain  inclu- 
ions  and  are  flawed.  Bort.  In  rounded  spherical  forms  with 
adiating  structure  or  made  up  of  confused  crystalline  aggre- 
ates;  usually  gray,  brown  or  black  in  color  and  translucent  to 
paque.  Fragments  of  crystals  that  are  unavailable  for  cutting 
.re  also  frequently  called  bort.  Carbonado  or  black  diamond. 
Passive  with  crystalline  structure  or  granular  to  compact  with- 
out cleavage.    Black  or  grayish  black;  opaque. 

Tests.  To  be  distinguished  by  its  great  hardness,  its  ada- 
nantine  luster  and  its  octahedral  cleavage.  Burns  at  a  high 
emperature  to  CO2  gas,  leaving  no  ash.  Will  burn  readily  in 
)xygen  gas,  giving  off  a  briUiant  light. 

Occurrence.  Th^  diamond  is  a  rare  mineral.  It  has  been  found 
n  many  different  localities,  but  only  a  few  have  furnished  the  mineral 
n  notable  amount.  Most  commonly  the  diamond  is  found  in  the 
lands  and  gravels  of  stream  beds,  where  it  has  been  preserved  by  its 
5reat  hardness  and  fairly  high  specific  gravity.  In  South  Africa 
ind  recently  in  Arkansas  it  has  been  found  embedded  in  masses  of 
m  igneous  rock,  known  as  peridotite.  Three  countries  have  up  to 
ihe  present  furnished  practically  the  entire  world^s  output  of  dia- 
nonds,  namely,  India,  Brazil,  and  South  Africa. 

The  important  diamond  fields  of  India  are  located  in  the  eastern 
md  southern  portions  of  the  peninsula.  Many  of  the  famous  old 
liamond  fields  in  this  region  are  now  abandoned,  but  work  is  still 
jarried  on  by  the  natives  in  the  mines  in  a  district  lying  to  the  south 
)f  Allahabad  and  Benares.  Many  of  the  world's  famous  diamonds 
vere  found  in  India,  but  at  present  the  yield  is  small. 

Diamonds  were  discovered  in  Brazil  in  the  first  half  of  the  eight- 
eenth century,  and  have  been  mined  there  ever  since.  At  present, 
lowever,  the  production  is  comparatively  small.  They  are  found  in 
he  stream  gravels  in  several  different  districts,  the  two  most  im; 
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portant  being  located  in  the  proviDces  of  Minas  Geraes  and  Bahia. 
The  city  of  Diamantina,  Minas  Geraes,  is  situated  in  the  center  of  the 
most  productive  field,  the  diamonds  being  found  chiefly  in  the  graveb 
of  the  Rio  Jequitinhonha  and  Rio  Doce.  Extensive  upland  deposits 
of  diamond-bearing  gravels  and  clays  are  also  worked. 

About  96  per  cent  of  the  world's  output  of  diamonds  comes  at 
present  from  South  Africa.  The  first  diamonds  were  discovered  in 
the  gravels  of  the  Vaal  River  in  1867.  The  diamond-bearing  gravds 
covered  a  considerable  area  but  were  not  very  thick.  Later  the 
diamonds  were  discovered  embedded  in  the  rock  of  several  volcanic 
necks  located  near  the  present  town  of  Kimberly  in  Griqualand- 
West,  south  of  the  Vaal  River,  near  the  boundary  of  the  Orange 
Free  State.  The  diamonds  in  this  district  were  first  discovered  in  the 
soil  resulting  from  the  disintegration  of  the  underlying  diamcmd- 
bearing  rock.  This  soil  was  colored  yellow  by  iron  oxides,  and  was 
known  as  the  "yellow  ground."  The  underlying,  undecompoeed 
peridotite  rock  from  which  the  diamonds  are  obtained  at  present 
is  called  the  "blue  ground."  The  principal  mines  are  the  Kimberly, 
Du  Toitspan,  De  Beers  and  Bultfontein,  near  Kimberly,  the  Jagers- 
fontein  in  the  Orange  Free  State,  and  the  Premier  in  the  Transvaal 
The  mines  were  originally  worked  as  open  pits,  but,  as  they  have 
increased  in  depth,  underground  methods  have  been  adopted.  The 
blue  rock  containing  the  diamonds  is  brought  to  the  surface,  crushed 
into  coarse  fragments  and  spread  out  on  platforms  to  gradually  dis- 
integrate under  atmospheric  influences.  The  resulting  gravd  is 
washed  over  and  concentrated,  the  diamonds  being  flnally  separated 
on  shaking  tables  that  have  been  coated  with  grease,  to  which  the 
diamond  crystals  stick,  while  the  rest  of  the  material  is  washed 
away.  Diamonds  have  also  recently  been  discovered  in  alluvial 
deposits  near  Luderitzbuchte,  German  Southwest  Africa. 

Diamonds  have  been  found  sparingly  in  various  parts  of  the 
United  States.  Small  stones  have  occasionally  been  discovered  in 
the  stream  sands  along  the  eastern  slope  of  the  Appalachian  Moun- 
tains from  Virginia  south  to  Georgia.  Diamonds  have  also  been 
reported  from  the  gold  sands  of  northern  California  and  southern 
Oregon.  Sporadic  occurrences  of  diamonds  have  been  noted  in  the 
glacial  drift  in  Wisconsin,  Michigan  and  Ohio.  In  1006  the  first 
diamond  was  found  at  a  new  locality  situated  near  Murfreesboro, 
Pike  County,  Arkansas.  The  stones  are  found  here  not  only  in  the 
detrital  soil  but  also  embedded  in  the  underlying  peridotite  rock  in 
a  manner  quite  similar  to  that  of  the  South  African  occurrence. 

Gteneral.  The  diamond  is  the  most  important  of  the  gem  stones. 
Its  value  depends  upon  its  hardness,  its  brilliancy,  which  is  due  to 
its  high  index  of  refraction,  and  to  its  "fire,"  which  is  due  to  its  strong 
dispersion  of  light  into  the  prismatic  colors.    In  general  the  most 
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iluable  stones  are  those  which  are  flawleas  and  colorless  or  possess 
"blue-white"  color.  A  faint  straw-yellow  color,  which  diamond 
ften  shows,  detracts  much  from  its  value.  Deep  shades  of  yellow, 
ed,  green  or  blue  are  greatly  prized,  and  fine  stones  of  these  colors 
>ring  very  high  values. 

The  diamond  is  cut  by  first  cleaving  off  any  undesirable  or  flawed 
[)ortions  of  the  crystal  and  then  grinding  facets  upon  it  by  use  of 
diamond  powder.     The  crystal  is  fixed  at  the  end  of  a  stick  by  means 
of  soft  solder,  leaving  the  part  projecting  which  is  to  be  cut.    A  cir- 
cular plate  of  soft  iron  is  then  charged  with  diamond  dust,  and  this 
by  its  revolution  grinds  and  polishes  the  stone.    Most  diamonds  are 
cut  into  the  form  known  as  the  brilliant  (see  Fig.  206).    This  is  a 
stone  cut  with  a  large  eight-sided  facet  on  top  and  a  series  of  small 
inclined  faces  around  it.    The  lower  half  consists  of  steeply  inclined 
faces  giving  the  stone  on  this  side  a  p3rramidal  shape.    The  depth 
of  a  brilliant  is  nearly  equal  to  its  breadth,  and  it,  therefore,  can  only 
be  cut  from  a  thick  stone.    Thinner  stones,  in  proportion  to  the 
breadth,  are  cut  into  what  is  known  as  the  rose  diamond.    This  is 
a  stone  which  has  its  upper  surface  covered  with  small  triangular 
facets.     Its  lower  surface  may  be  one  plane  face,  or  the  cutting  of 
the  upper  half  may  be  duplicated.    With  exceptional-shaped  stones 
other  cuttings  are  used. 

The  value  of  a  cut  diamond  depends  upon  its  color  and  purity, 
upon  the  skill  with  which  it  has  been  cut  and  upon  its  size.  A  one- 
carat  stone  weighs  205  milligrams,  and  if  cut  in  the  form  of  a  brilliant 
would  be  6.25  millimeters  in  diameter  and  4  millimeters  in  depth, 
and  if  (rf  good  color  would  be  valued  from  $150  to  $175.  A  two- 
carat  stone  of  the  same  quality  would  have  a  value  three  or  four 
times  as  great. 

Famous  Stones.  The  older  famous  diamonds  include  the  follow- 
ing: the  Kokinoor,  weighing  106  carats,  is  one  of  the  crown  jewels  of 
Great  Britain;  the  Regent  or  Pitty  weighing  136  carats,  belonging  to 
France;  the  Chiofff  which  is  mounted  in  the  Russian  imperial  scepter, 
weighs  193  carats;  Austria  owns  the  Florentine  yellow  diamond, 
which  weighs  139  carats;  the  Star  of  the  SoiUh,  weighing  125  carats, 
is  said  to  be  in  India. 

Large  stones  found  more  recently  in  South  Africa  include  the 
following:  The  Victoria  or  Imperialf  which  weighed  457  carats  when 
found,  and  230  when  cut.  It  was,  however,  later  recut,  its  present 
weight  being  180  carats.  The  Stewart  weighed  before  and  after 
cutting  288  and  120  carats  respectively.  The  Tiffany  diamond, 
which  is  of  a  brilliant  yellow  color,  weighs  125  carats.  The  Colenso 
diamond,  presented  to  the  British  Museiun  in  1887  by  John  Ruskin, 
weighs  129}  carats.  The  Excelsior  diamond,  found  at  Jagersfontein 
in  1903,  is  now  known  as  the  Jubilee,  and  weighs  239  carats.    The 
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CuUinan  or  Premier  diamond  was  found  at  the  Premier  Mine,  TnoB- 
vaal,  and  was  the  largest  stone  ever  found,  weighing  3024  canli  or 
1 .7  pounds  troy,  and  measured  4  by  2\  by  2  inches.  This  stone  wu 
presented  to  King  Edward  VII  by  the  Transvaal  Government  and 
nas  been  cut  into  9  large  stones,  the  larger  ones  weighing  516,  909, 
92  and  62  carats  respectively,  and  into  96  smaller  brilliants. 

Name.  The  name  diamond  comes  from  the  Greek  word 
adamaSj  meaning  "invincible." 

Use.  In  addition  to  its  wide  use  as  a  gem,  the  diamond  is 
extensively  used  as  an  abrasive.  Crystal  fragments  are  used  to 
cut  glass.  The  fine  powder  is  employed  in  grinding  and  polish- 
ing diamonds  and  other  stones.  The  noncrystalline,  opaque 
varieties,  especially  that  known  as  carbonado,  are  used  in  the 
bits  of  diamond  drills.  These  drills  are  frequently  employed 
in  mining  operations  to  explore  the  rocks  and  to  determine  the 
position  and  size  of  ore  bodies.  Recently  the  diamond  has  been 
used  in  wiredrawing  and  in  the  making  of  tungsten  filaments 
for  electric  lights. 

Graphite. 

Composition.  Carbon,  like  the  diamond.  Sometimes  im- 
pure with  iron  oxide,  clay,  etc. 

Crystallization.  Hexagonal-rhombohedral.  In  tabular  crys- 
tals with  hexagonal  outline.  Prominent  basal  plane.  Distinct 
planes  of  other  forms  very  rare.  Rhombohedral  symmetry 
sometimes  shown  by  triangular  markings  on  base. 

Structure.  In  foliated  masses;  scaly;  granular  to  compact; 
earthy.     Sometimes  in  globular  forms  with  radiated  structure. 

Phsrsical  Properties.  Perfect  basal  cleavage.  H.  =»  1-2  (read- 
ily marks  paper  and  soils  the  fingers).  G.  =  2.2.  Luster  metal- 
lic, sometimes  dull  earthy.  Black  color  with  brownish  tinge. 
Black  streak.     Greasy  feel.     Folia  flexible  but  not  elastic. 

Tests.  Infusible.  Very  refractory  in  its  chemical  nature. 
Recognized  by  its  color,  foliated  structure  and  softness.  Dis- 
tinguished from  molybdenite  by  the  brownish  tinge  to  its  black 
color  (molybdenite  has  a  blue  tone)  and  the  lack  of  chemical 
tests. 
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Oceorrexice*  Graphite  most  commonly  occurs  in  metamorphic 
ocks,  such  as  crystalline  limestones,  schists  and  gneisses.  It  may 
Kxnir  as  large  crystalline  plates  inclosed  in  the  rock  or  disseminated 
Ki  small  flakes  in  sufficient  amount  to  form  a  considerable  proportion 
>f  the  rock.  In  these  cases,  it  has  probably  been  derived  from  carbon 
naterial  of  organic  origin  which  has  been  converted  into  graphite 
luring  the  metamorphism  of  the  rock.  Instances  are  known  in 
^hich  coal  heds,  under  influence  of  strong  metamorphic  action,  such 
IS  the  intrusion  into  them  of  an  igneous  rock,  have  in  a  greater  or 
.ess  degree  been  converted  into  graphite.  Examples  of  such  an 
Dccurrence  are  to  be  found  in  the  graphitic  coals  of  Rhode  Island, 
and  in  the  coal  fields  of  Sonora,  Mexico.  Graphite  also  occurs  in 
Bssure  veins  associated  with  calcite,  quartz,  orthoclase,  pyroxene, 
etc.  An  example  of  such  veins  is  to  be  found  in  the  deposits  at 
Ticonderoga,  New  York.  Here  the  veins  traverse  a  gneiss  and 
besides  the  graphite  contain  quartz,  biotite,  orthoclase,  tourmaline, 
apatite,  pyrite,  titanite,  etc.  The  graphite  may  have  been  formed 
in  these  veins  from  hydrocarbons  introduced  into  them  during  the 
metamorphism  of  the  region  and  derived  from  the  surrounding 
carbon-bearing  rocks.  Graphite  occurs  occasionally  as  an  original 
constituent  in  igneous  rocks.  It  has  been  observed  in  the  basalts 
of  Ovifak,  Greenland,  in  an  ekeolite  syenite  from  India,  in  a  granite 
pegmatite  from  Maine,  in  meteorites,  etc. 

The  most  productive  deposits  of  graphite  at  present  are  on  the 
island  of  Ceylon,  where  it  occurs  in  coarsely  foliated  masses  in  veins 
in  gneiss.  It  occurs  in  large  amounts  in  various  locahties  in  Austria, 
Italy,  India,  Mexico,  etc.  The  chief  deposits  in  the  United  States 
are  in  the  Adirondack  region  of  New  York,  in  Essex,  Warren,  Wash- 
ington and  Saratoga  counties. 

Artificial.  Artificial  graphite  is  manufactured  on  a  large  scale  in 
the  electrical  furnaces  at  Niagara  Falls.  Anthracite  coal  with  a 
small  amoimt  of  evenly  distributed  ash  is  subjected  to  the  intense 
heat  of  the  electrical  current  and  converted  into  graphite.  The 
output  of  artificial  graphite  is  considerably  in  excess  of  that  of  the 
natural  mineral. 

Name.  Derived  from  the  Greek  word  "to  write,'* 
Use.  Used  in  the  manufacture  of  refractory  crucibles  for 
the  steel,  brass  and  bronze  industries.  Most  of  the  graphite 
used  in  this  way  is  imported  from  Ceylon.  Used  widely,  when 
mixed  with  oil,  as  a  lubricant.  Mixed  with  fine  clay,  it  forms 
the  "lead"  of  pencils.  Much  of  the  graphite  used  in  the  United 
States  for  this  purpose  comes  from  Sonora,  Mexico.  Used  in 
the  manufacture  of  a  protective  paint  for  structural  iron  and 
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stod  works.    Used  in  the  coating  of  fouodiy  bcingi,  for  (lat 
trodee,  stove  polishes,  in  electrotyping,  etc 

Sulphur. 
Compotitlon.    Sulphur;  often  inq)ure  with  clay,  bhnmm,  etc 
CrytttlUuUotL    Orthorhombic.    Pynmidal  in  habit  (ng. 

207).    Often  with  two  pyramids,  brachydome  and  base  in  am- 

liioation  (Figs.  208  and  209). 


Fie.  SOT. 


Structure.  Often  in  irregular  masses  imperfectly  crystaDiied. 
MaiMivo,  reniform,  stalactitic,  as  iucnistations,  earthy. 

Phyalcal  Prop«rti«s.  H.  =  1.5-2.5.  G.  -  2.05-2.09.  So- 
inous  lUHter.  (Jolor  sulphur-yellow,  varying  with  impuritiefl  to 
yellow  shades  of  green,  gray  and  red.  Transparent  to  opaque. 
Imperfect  conductor  of  heat.  When  a  fragment  is  held  in  the 
hand  close  to  the  ear  it  will  be  heard  to  crack.  This  is  due  to 
the  expansion  of  the  surface  layers  because  of  the  heat  from  the 
hand,  while  the  interior,  on  account  of  the  slow  heat  conductivity, 
is  unaffected.  Cryetala  of  sulphur  should,  therefore,  be  handled 
with  cure. 

T«ats.  Furable  at  1  and  burns  with  a  blue  flame  giving  BtroDg 
odor  of  sulphur  dioxide.  Sublimes  in  C  T.  giving  a  red  to  dail[ 
yellow  liquid  when  hot,  yellow  solid  when  cold.  Told  by  ito 
yellow  color  and  the  ea^  with  which  it  bums. 

Occurrence.  Found  cither  associated  with  beds  of  gypsum,  H 
an  alteration  product  of  a  sulphate,  or  in  coimection  with  active  or 
extinct  volcanoes,  as  a  result  of  fumerole  action.  Sometimes  m 
connection  with  eulphidee  in  metallic  veins  and  derived  from  their 
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nidation.  Found  in  large  deposits  and  in  fine  crystals  near  Gir- 
S^Dti,  Sicily,  associated  with  celestite,  gypsum,  calcite,  aragonite, 
^c;  also  in  connection  with  the  volcanoes  of  Mexico,  Hawaii, 
^apaD,  Iceland,  etc.  In  the  United  States  is  mined  in  Calsasieu 
Parish,  Louisiana,  and  in  Wyoming  and  Utah. 

Use.  Used  in  the  manufacture  of  sulphuric  acid,  in  the  manu- 
acture  of  matches,  gunpowder,  fireworks,  insecticides,  for  vul- 
canizing rubber  and  in  medicine. 


II.  SEMIMETALS. 
Tellurium. 

Native  tellurium  with  sometimes  a  small  amount  of  selenium, 
^Id,  iron,  etc.  Hexagonal-rhombohedral.  Crystals  rare;  usually 
ninute  hexagonal  prisms  with  rhombohedral  terminations.  Com- 
nonly  massive,  eolunmar  to  fine  granular.  Perfect  prismatic  cleav- 
ige.  H.  =  2-2.5.  G.  =  6.1-6.3.  Metallic  luster.  Tin-white  color. 
Gray  streak.  Wholly  volatile  B.  B.  Fusible  at  1.  On  charcoal 
binges  reducing  flame  green  and  gives  a  white  oxide  coating.  Heated 
with  concentrated  sulphuric  acid  gives  deep  red  color  to  solution. 
A  rare  species,  found  usually  associated  with  the  rare  tellurides 
of  gold  and  silver.  Occurs  with  sylvanite  near  Zalathna,  Transyl- 
vania, at  the  Good  Hope  Mine,  Vulcan,  Colorado,  and  in  other  dis- 
tricts in  that  state.    Tellurium  has  little  commercial  value. 

Arsenic. 

CompoBition.  Arsenic,  often  with  some  antimony  and  traces 
of  iron,  silver,  gold,  bismuth,  etc. 

Crystallization.    Hexagonal-rhombohedral.    Crystals  rare. 

Structure.  Usually  granular  massive,  sometimes  reniform 
and  stalactitic. 

Physical  Properties.  Perfect  basal  cleavage.  H.=3.5.  G.=5.7. 
Metallic  luster.  Color  tin-white  on  fresh  fracture,  tarnishes 
on  exposure  to  dark  gray.    Gray  streak. 

Tests.  Volatile  without  fusion.  B.  B.  on  charcoal  gives 
white  volatile  coating  of  arsenious  oxide  and  odor  of  garlic.  In 
O.  T.  gives  volatile  crystalline  deposit  of  arsenious  oxide.  In 
C.  T.  gives  arsenic  mirror. 
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Ooeurrenca.  A  comparatively  rare  species  found  in  veins  in  oys- 
talline  rocks  associated  with  antimony  minerals,  the  ruby  silvefB, 
realgar,  orpiment,  sphalerite,  etc.  Found  in  the  silver  mines  ol 
Saxony,  in  Bohemia,  Norway,  Zmeov  in  Siberia,  Chile,  Mexioo. 
Sparingly  m  the  United  States. 

Name.  The  name  arsenic  is  derived  from  a  Greek  word 
meaning  masculine^  a  term  first  applied  to  the  sulphide  <^  arsenic 
ou  account  of  its  potent  properties. 

Use.     Very  minor  ore  of  arsenic. 

Antimony. 

Composition.  Antimony,  with  (at  times)  small  amounts  of 
arsenic,  iron  or  silver. 

Ciystallization.  Hexagonal-rhombohedral.  Distinct  crystals 
rare. 

Structure.  Usually  in  granular  masses  showing  distinct  cleav- 
age;  radiated;   botryoidal. 

Physical  Properties.  Perfect  basal  cleavage.  H.  =  3-3.5. 
(ji.  -  0.0-6.7.    Metallic  luster.    Tin-white  color.    Gray  streak. 

Tests.  lOasily  and  completely  volatile.  Fusibility  1.  When 
heated  ou  charcoal  gives  a  dense  white  coating  of  antimony 
trioxide.  Heated  in  0.  T.  gives  a  white,  slowly  volatile  subli- 
mate of  antimony  trioxide. 

Occurrence.  A  rare  species,  found  usually  in  connection  with 
HiIv(T  voiiiH  and  associated  with  arsenic  ^nd  antimony  compounds. 
Occurs  ut  Sulu,  Sweden;  Andreasberg,  Harz  Mountains;  at  I^bram, 
Hohomia;  AUomont,  France;  Chile;  South  Ham,  Canada;  Ywk 
County,  New  Brunswick,  etc. 

Use.    Minor  ore  of  antimony. 

Bismuth. 

Composition.  Bismuth,  with  sometimes  small  amounts  of 
arsenic,  sulphur,  tellurium. 

Crystallization.  Hexagonal-rhombohedral.  Distinct  crys- 
tals rare. 

Structure.  Usually  laminated  and  granular;  sometimes  re- 
ticulated or  arborescent. 
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Phyaical  Properties.  Basal  and  rhombohedral  cleavage.  H. - 
5  -2.5.  G.  =  9.8.  Sectile.  Brittle.  Metallic  luster.  Color 
alver-white  with  decided  reddish  tone.  Streak  silver-white, 
ihining. 

Tests.  Fusible  at  1.  B.  B.  on  charcoal  gives  metallic  globule 
ind  yellow  to  white  coating  of  bismuth  oxide.  The  globule  is 
^mewhat  malleable  but  cannot  be  hanmiered  into  as  thin  a 
sheet  as  in  the  case  of  lead.  Mixed  with  potassium  iodide  and 
sulphur  and  heated  on  charcoal  gives  a  brilliant  yellow  to  red 
-Gating.  Recognized  chiefly  by  its  laminated  structure,  its 
r*eddish  silver  color  and  its  sectility. 

Occurrence.  A  comparatively  rare  mineral,  occurring  usually  in 
lionnection  with  ores  of  silver,  cobalt,  lead  and  zinc.  Found  in  the 
silver  veins  of  Saxony;  in  Norway  and  Sweden;  Cornwall,  England; 
^ith  the  silver  and  cobalt  minerals  at  Cobalt,  Ontario,  Canada;  only 
Sparingly  in  the  United  States. 

Use.  Ore  of  bismuth.  The  greater  part  of  the  bismuth  of 
commerce  is  produced  from  the  sulphide,  bismuthinite,  or  from 
Dther  ores  that  contain  a  small  per  cent  of  the  metal.  It  is 
chiefly  employed  in  the  inanufacture  of  low-fusing  alloys  which 
Eu-e  used  as  safety  plugs  in  boilers  and  in  automatic  fire  sprinklers, 
etc.    Its  salts  are  used  in  medicine. 

III.  METALS. 

GOLD  GROUP.    ISOMETRIC. 

Gold. 

Composition.  Gold,  commonly  alloyed  with  small  amounts 
of  silver  and  at  times  with  traces  of  copper  and  iron.  Ordinarily, 
native  gold  contains  varying  amounts  of  alloyed  silver  up  to 
16  per  cent.  California  gold  contains  between  10  and  15  per 
cent  of  silver.  The  greater  part  of  native  gold  is  about  90  per 
cent  "fine*'  or  contains  10  per  cent  of  other  metals.  Gold  con- 
taining unusually  high  percentages  of  silver  (25  to  40  per  cent) 
is  known  as  dectrum. 

Crystallization.  Isometric.  Crystals  are  commonly  octahe- 
dral in  habit,  showing  also  at  times  the  faces  of  the  dodeca- 
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hedron,  cube,  etc.  (see  Figs.  210, 211  and  212).    Often  in  arboreB- 
cent  crystal  groups  with  crystals  elongated  in  the  direction,  of  an 


fr"^ 


a 


Fig.  210. 
Octahedron. 


Fig.  211. 
Dodecahedron. 


y.* \.,y^^ 


Hg.  212. 
Cube  and  Octahedron. 


octahedral  axis.  Cr3rstals  irr^ularly  distorted  and  passing  into 
filiform,  reticulated  and  dendritic  shapes. 

Structure.  Usually  in  irregular  plates,  scales  or  masses. 
Seldom  definitely  crystallized. 

Physical  Properties.  H.  =  2.5-3.  G.  -  15.6-19.3  (becomeB 
greater  as  the  percentages  of  the  other  metals  present  decrease). 
Very  malleable  and  ductile.  Color  various  shades  of  yellow, 
depending  upon  purity,  becoming  paler  with  increase  in  the  per- 
centage of  silver  present. 

Tests.  Easily  fusible  at  2.5-3.  Insoluble  in  ordinary  adds 
but  soluble  in  a  mixture  of  hydrochloric  and  nitric  acids.  To 
be  distinguished  from  certain  yellow  sulphides  (particularly  pyiite 
and  chalcopjTite)  and  from  yellow  flakes  of  altered  micas  by  its 
malleability,  its  insolubility  and  its  great  weight. 

Occurrence.  Although  gold  is  a  rare  element,  it  is  to  be  found 
widely  distributed  in  nature,  occurring  in  small  amounts.  Its  pres- 
ence as  a  primary  constituent  of  igneous  rocks,  more  particulariy  of 
the  acidic  type,  has  been  abundantly  proved.  It  is  to  be  found  most 
commonly  in  quartz  veins.  It  occurs  in  detrital  sands  and  gravds 
in  what  are  known  as  placer  deposits.  It  is  present  in  small  amounts 
in  sea  water.  It  is  important  to  note  that  gold  occurs  almost  wholly 
as  the  native  metal,  the  only  class  of  compounds  which  it  tonoB  in 
nature  being  the  tellurides. 

The  chief  source  of  gold  is  the  gold-quartz  veins.  It  occurs  in 
these  veins  usually  as  very  small  specks  scattered  uniformly  throu^ 
out  the  quartz  gangue.    The  contents  of  these  veins  are  in  general 
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sonsid^ed  to  have  been  deposited  from  ascending  mineral-bearing 
solutions.    That  gold  is  capable  of  solution  and  subsequent  precipi- 
tation by  means  of  underground  waters  has  been  repeatedly  demon- 
strated.    In  the  majority  of  veins  the  gold  is  so  finely  divided  and 
Luiifornily  distributed  that  its  presence  in  the  ore  cannot  be  detected 
with  the  eye.    It  is  interesting  to  note  that  with  the  value  of  gold 
at  $20.67  a  troy  ounce,  ore  which  contains  one  per  cent  of  gold  by 
weight  would  be  worth  $6028  to  the  ton,  while  an  ore  containing 
only  0.01  per  cent  of  gold  would  still  be  a  rich  ore,  having  a  value  of 
$60  per  ton.    Ores  are  mined  at  a  profit  sometimes  which  contain 
only  0.001  per  cent  of  gold  and  yield  but  $6  to  the  ton.    So  it  might 
be  quite  impossible  x)  detect  the  presence  of  gold  in  a  valuable  ore 
by  any  ordinary  tests.    A  definite  estimation  of  the  amount  of  gold 
present  by  means  of  a  careful  assay  is  the  only  way  usually  to  deter- 
mine the  value  of  an  ore.    But  occasionally,  under  favorable  con- 
ditions, the  gold  may  collect  in  larger  amounts,  in  nests  and  pockets 
in  the  veins,  occurring  usually  as  irregular  plates  and  masses  between 
the  crystals  of  quartz.    In  the  quartz  veins  the  gold  is  frequently 
associated  with  sulphides,  particularly  with  pyrite.    It  is  thought 
that  the  gold  does  not  exist  in  any  chemical  combination  with  the 
pyrite,  but  has  the  same  mechanical  relation  to  it  that  it  has  to  the 
quartz.    The  upper  portions  of  the  gold-quartz  veins  as  a  rule  have 
been  enriched  in  their  values.    The  gold  present  in  this  upper  zone 
was  in  part  deposited  contemporaneously  with  the  formation  of  the 
vein,  but  frequently  the  greater  part  has  been  transported,  either 
in  solution  or  by  mechanical  settling,  from  that  upper  portion  of  the 
vein  which  has  been  gradually  eroded  away.    And  so  the  gold  in 
this  part  of  the  vein  represents  the  concentration  in  a  small  space 
of  the  original  gold  content  of  a  much  greater  length  of  vein.    By 
the  oxidation  of  the  gold-bearing  sulphides  originally  deposited  in 
this  portion  of  the  vein  the  gold  embedded  in  them  has  been  set  free, 
rendering  the  gold  easy  of  extraction.    Ores  that  contain  the  gold 
free  from  intimate  association  with  sulphides  are  known  as  "free- 
milling''  because  their  gold  content  can  be  recovered  by  amalgama- 
tion with  the  mercury  of  the  plates  over  which  the  finely  crushed  ore 
runs  from  the  stamp  mill.    Where  sulphides  are  present  in  any 
quantity  all  of  the  gold  cannot  be  recovered  by  amalgamation  and  a 
chemical  process,  either  the  cyanide  or  chlorination  process,  must 
be  used;  either  alone,  or  in  addition  to  the  amalgamation. 

In  addition  to  occurring  with  quartz  and  pyrite,  gold  has  been 
found  associated  with  chalcopyrite,  sphalerite,  galena,  stibnite, 
cinnabar,  arsenopjrrite,  limonite,  calcite,  etc. 

Gold,  on  account  of  its  great  weight,  is  mechanically  sorted  in 
running  water  from  the  Ughter  material  of  the  sands  and  gravels  in 
vrhich  it  may  occur.    In  this  way  a  concentration  frequently  takes 
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place  in  stream  beds  and  gold  placer  deposits  are  formed.  In  geoenl 
these  deposits  will  be  found  where  the  ciurent  of  the  water  has  been 
suddenly  checked  and  the  heaviest  particles  of  its  load  dropped  in 
the  bottom  of  the  stream.  Sand  bars,  etc.,  formed  in  this  way  maj 
contain  rich  placer  deposits.  Irregularities  in  the  bottom  of  t 
stream  frequently  act  as  natural  riffles  and  catch  behind  them  the 
heavier  gold  traveling  along  the  bottom  of  the  stream.  Iti  genenl, 
also,  such  deposits  will  be  richer  as  the  stream  is  ascended  and  the 
original  veins  from  which  the  gold  has  been  derived  are  approachei 
The  larger  masses  of  gold  which  have  been  rolled  together  by  the 
action  of  the  stream  are  called  nuggets.  These  sometimes  atUun 
consi'lerable  size.  The  very  fine  gold  which  is  known  as  fioai  gtH 
may  be  carrieJ  by  the  streams  for  long  distances. 

In  CaUfornia,  at  the  close  of  the  glacial  epoch,  large  amounts  of 
gold-bearing  gravels  were  deposited  in  the  stream  beds.  Subse- 
quent changes  in  the  elevation  of  the  country  and  extensive  lava 
flows  have  caused  a  rearrangement  of  the  drainage,  and  in  places 
these  old  gravel  beds  are  to  be  found  to-day  upon  the  hillsides  and 
are  known  as  the  hill  gravels.  In  places  they  have  been  covered 
over  with  lava  flows  and  so  preserved  from  erosion.  At  Cape  Nome, 
Alaska,  the  beach  sands  contained  gold,  where  by  the  action  of  the 
waves  the  gold  has  been  concentrated  to  form  placer  d^x)8it8. 

The    important    gold-producing   states   and    territorieB  of  the 
United  States,  in  their  approximate  order  of  importance,  are  Colo- 
rado, Alaska,  California,  Nevada,  South  Dakota,  Utah,  Montana, 
Arizona  and  Idaho.    There  are  several  other  states  that  also  produce 
tlic  metal,  but  in  comparatively  small  amounts.     The  most  im- 
portant gold-producing  districts  of  Cahfomia  are  those  of  the  series 
of  gold-quartz  veins  known  as  the  Mother  Lode  which  lie  along  the 
western  slope  of  the  Sierras  in  Nevada,  Amador,  Calaveras,  Eldorado, 
Tuolumne  and  Mariposa  counties.     Between  one-third  and  cme-hall 
of  California's  gold  production  comes  from  placer  deposits,  mostlj 
worked  by  dredging  operations  in  Butte  and  Yuba  counties.    Tlu 
gold  of  Alaska  has  been  derived  chiefly  from  placer  d^x)8it8,  but 
recently  the  vein  deposits  have  been  of  increasing  importance.    The 
ciiicf  producing  districts  are  the  Yukon  Basin,  the  Fairbanks  Dis- 
trict  and  the  Seward  Peninsula,  including  Nome.    Although  CcAh 
rado  is  one  of  the  first  states  in  the  production  of  gold,  about  one- 
half  of  its  output  comes  from  the  Cripple  Creek  District  in  Tdkr 
County,  where  the  gold  occurs  only  sparingly  native,  but  chiefly  in 
the  form  of  the  tellurides,  sylvanite  and  calaverite.    The  other 
chief  producing  counties  are  San  Miguel  and  Ouray  in  the  San  Juan 
District,  and  Lake  County,  containing  the  LeadviUe  District,  and 
Gilpin,  Clear  Creek  and  Boulder  counties  in  the  Clear  Creek  Distriei 
The  chief  gold  districts  of  Nevada  are  Goldfield  and  Tonopah  and 
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tier  smalls  camps  in  Nye  and  Esmeralda  comities.  The  gold 
mi  South  Dakota  comes  from  the  Black  Hills,  the  Homestake  Mine 
Lead  being  the  largest  producer.  The  gold-producing  districts 
Utah  are  the  Tintic  and  Bingham  districts  in  Juab  and  Salt  Lake 
unties  respectively,  and  the  Mercur  District  in  Tooele  County. 
Important  foreign  gold-producing  countries  are  as  follows:  South 
frica,  Australia,  Russia,  Mexico  and  Canada.  The  region  known 
I  the  Rand,  near  Johannesburg  in  the  Transvaal,  South  Africa,  is 
le  most  productive  gold  district  in  the  world.  The  gold  occurs 
jre  scattered  throughout  inclined  beds  or  "reefs"  of  a  quartzose 
mglomerate,  which  has  been  mined  in  enormous  amounts  and  to 
"eat  depths.  Australia  has  the  following  chief  gold  districts: 
^Igoorlie  in  western  Australia  (largely  tellurides),  Ballarat  and 
^idigo  in  Victoria,  Mount  Morgan  in  Queensland  and  various  fields 
I  New  South  Wales.  In  Russia  gold  is  mined  in  western  Siberia 
Qd  the  Urals,  in  the  Irkutsk  Province,  in  Transbaikalia  and  Amur. 
*he  production  of  Mexico  comes  chiefly  from  the  districts  of  Guana- 
lato,  £1  Oro  and  Dolores. 


Silver. 

Compositioxi.  Silver,  frequently  containing  small  amounts  of 
Uoyed  copper  and  gold,  more  rarely  traces  of  platinum,  anti- 
ilony,  bismuth,  mercury. 

CrystaUization.  Isometric.  Crystals  commonly  distorted  and 
:i  branching,  arborescent  or  reticulated  groups. 

Structure.  Commonly  in  irregular  masses,  plates,  scales,  etc. ; 
t  times  as  coarse  or  fine  wire. 

Physical  Properties.  H.  =  2.5-3.  G.  =  lO.l-U.l,  pure  10.5. 
»ialleable  and  ductile.  Color  silver-white,  often  tarnished  to 
•rown  or  gray-black. 

Tests.  Easily  fusible  at  2  to  bright  globule.  No  oxide  coat- 
ig  on  charcoal.  Easily  soluble  in  nitric  acid,  giving  on  addition 
f  hydrochloric  acid  a  curdy  white  precipitate  of  silver  chloride, 
^hich  turns  dark  on  exposure  to  light.  Deposited  from  its  solu- 
ion  by  action  of  a  clean  copper  plate. 

Occiurence.  Occurs  usually  as  small  irregular  flakes  and  masses 
isseminated  through  various  vein  minerals,  often  invisible.  Found 
ssociated  with  native  copper,  galena,  argentite,  chalcocite,  the  ruby 
ilvers,  tetrahedrite,  calcite,  barite,  etc.    While  native  silver  is  not 
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an  uncommon  mineral,  the  larger  part  of  the  world's  output  of  tfai. 
metal  is  obtained  from  Ita  various  compounds  with  sulphur,  anti- 
mony, arsenic,  etc.  Most  of  the  native  silvo'  occurring  in  nature  ■ 
prab^ly  secondary  in  its  origin,  having  been  derived  by  redurtja 
from  some  of  its  compounds. 

Native  silver  baa  been  found  in  the  United  States  with  nitin 
copper  in  the  copper  mines  of  Lake  Superior;  im  cryatal  ffoapitt 
the  Elkhom  Mine,  Montana;  in  large  masses  in  the  silver  minatt 
Aspen,  Colorado.  Is  found,  at  preaait,  in  large  quantities  oa  pU? 
masses,  associated  with  various  cobalt  and  nickel  minerals,  at  C^tnH, 
Ontario,  Canada.  An  important  silver  ore  in  the  mines  of  Chihiu- 
hua,  Guanajuato,  Durai^o,  Sinaloa  and  Sonora,  Mexico.  Ocan 
commonly  in  the  mines  of  Peru.  Was  found  in  large  mosset,  ma 
of  which  we^hed  500  pounds,  in  the  mines  at  Kongaberg,  Norm;. 
One  of  the  ores  of  the  silvra'  mines  of  Saxony  and  Bohemia. 

Die.  Silver  is  used  for  ornamental  purposes,  for  ccmff, 
plating,  etc.  It  is  usually  alloyed  with  copper.  The  etandiud 
silver  coin  in  the  United  States  contains  one  part  of  copper  to 
nine  parts  of  silver. 

Copper. 

Composition.  Copper,  often  containing  small  amounU  of 
silver,  bismuth,  mercury,  etc. 

CrystalilB&tlon.     Isometric,    Tetrahexahedron  faces  common 
on  crystals,  (see  Fig,  213).     Also  cube  and  dodecahedron.  Cij»- 
tals  usually  distorted  and  in  branchio; 
and   arborescent  groups,    (see    PI.  ni-    [ 

Structure.  Usually  in  irregular  raaoa, 
plates,  scales,  etc.  In  twisted  and  trire- 
like  forms. 

Phyiical  Properties.    H.- 2.5-3. 
G.  =  8.8-8.9.     Highly  ductile  and  mal- 
leable.   Color  copper-red,  usually  dark 
Fii-  213.  Cube  and  Tetra-  and  with  a  dull  luster  oQ  account  d 

bexahtidran.  .  . 

tarmsh. 
Tests.    Fuses  at  3  to  a  globule,  which  becomes  covered  with 
an  oxide  coating  on  cooling.   Dissolves  readily  in  nitric  acid,  and 
the  solution  is  colored  a  deep  blue  on  addition  ot  a 
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occurrence.  A  mineral  found  widely  distributed  in  copper  veins, 
usually  in  small  amount.  Associated  with  various  copper  min- 
£,  most  comnionly  with  the  oxidized  ores,  cuprite,  malachite  and 
rite.  Ordinarily  is  strictly  a  secondary  mineral  and  is  to  be 
nd  only  in  the  upper  parts  of  copper  veins. 
?he  most  notable  deposit  of  native  copper  known  in  the  world 
m  Keweenaw  Peninsula  in  northern  Michigan,  on  the  southern 
re  of  Lake  Superior.  The  region  is  occupied  by  a  series  of  igneous 
7s  of  trap  rock  interbedded  with  sandstone  conglomerates.  The 
ole  series  dips  toward  the  north.  The  copper  is  found  in  veins 
ersecting  this  rock  series;  in  the  amygdaloidal  belts  at  the  top 
the  various  trap  flows;  and  as  a  cementing  material  in  the  sand- 
ne  conglomerate.  This  last  type  has  furnished  the  most  impor- 
»t  ore  deposits,  some  of  which  have  been  worked  for  considerably 
er  a  mile  in  vertical  depth.  Not  only  does  the  copper  act  as  a  ce- 
snt  to  bind  the  conglomerate  together,  but  it  has  often  penetrated 
2  quartz  boulders  of  the  rock  to  a  depth  of  a  foot  or  more.  It  is 
lociated  with  such  minerals  as  epidote,  datolite,  calcite  and  various 
>lites.  The  mines  were  worked  superficially  by  the  Indians,  and 
*^e  been  actively  developed  since  the  middle  of  the  eighteenth 
itury.  Most  of  the  copper  of  the  district  occurs  in  very  small 
^lar  specks,  but  notable  large  masses  have  been  found,  one 
ghing  420  tons  being  discovered  in  1857. 

poradic  occurrences  of  copper  similar  to  that  of  the  Lake  Superior 
trict  have  been  found  in  the  sandstone  areas  of  the  eastern 
ted  States,  notably  in  New  Jersey,  and  in  the  glacial  drift  over- 
g  a  similar  area  in  Connecticut.  Native  copper  occurs  in  small 
lints,  associated  with  the  oxidized  ores  of  Arizona,  New  Mexico 
northern  Mexico. 


The  most  important  uses  to  which  the  metal  is  put  are 
n  electrical  conductor;  in  the  manufacture  of  brass  (an  alloy 
opper  and  zinc),  of  bronze  (an  alloy  of  copper  and  tin  with 
[uently  zinc);  for  sheet  copper;  and  as  copper  sulphate, 
ch  is  used  in  calico  printing,  in  galvanic  cells,  etc. 

iercury^  Amalgam  (Ag,Hg)  and  Lead  are  rare  metals. 
PLATINUM-IRON  GROUP. 

Platinum. 

iomposition.  Platinum,  usually  alloyed  with  several  per  cent 
ron  and  with  smaller  amounts  of  iridium,  osmimn,  etc.  The 
)unt  of  metallic  platinum  present  seldom  exceeds  80  per  cent. 
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Crystallisation.  Isometric.  Crystals  very  rare.  Commonly 
distorted. 

Structure.  Usually  in  small  grains  or  scales.  Sometima  in 
irregular  masses  and  nuggets  of  larger  size. 

Physical  Properties.  H.  =  ^4-4.5  (unusually  high  for  a  metal). 
G.  =  14-19  native;  21-22  when  chemically  pure.  Malleable 
and  ductile.    Color  steel-gray,  with  bright  luster. 

Tests.  B.  B.  infusible.  Unattacked  by  ordinary  reagents; 
soluble  in  a  mixture  of  hydrochloric  and  nitric  acids.  Dete^ 
mined  by  its  high  specific  gravity,  infusibility  and  insolubility. 


Occurrence.  Platinum  is  a  rare  metal  which  occurs  almost  ex- 
chiHivoly  native  (only  one  rare  compound,  sporylite,  PtAss,  being 
known).  It  is  found  in  quantity  in  only  a  few  localities,  and  then 
only  in  the  Htroam  Hiinds,  as  placer  deposits,  where  it  has  been  pre- 
Horvcd  on  account  of  its  great  weight  and  hardness.  Occurs  in  the 
alluvial  deposits  associated  with  the  rarer  metals  of  the  Platinum 
(irou[),  gold,  iron-nickel  alloys,  chromite,  etc.  Its  original  aouree 
is  probal^ly  usually  in  peridotite  rocks  or  the  serpentine  rocks  le- 
Kulting  from  their  metamorphism.  It  occurs  so  sparingly  diasemi- 
naUKi  through  such  rocks,  however,  that  it  is  only  after  their  dian- 
t(>gra1ion  and  the  subsequent  concentration  of  the  platinum  in  the 
r(!Multing  sands  that  workable  deposits  of  the  metal  are  forawi 
Plac(>r  (loposits  of  platinum  are  therefore  to  be  looked  for  in  the 
vi(!inity  of  massos  of  such  peridotite  rocks. 

Practically  the  entire  world's  supply  of  platinum  at  present  oomcB 
from  the  Ural  Mountains  in  Russia.  The  central  and  northern  end 
of  t  his  range  has  large  masses  of  altered  peridotite  rocks,  and  in  the 
Kanrls  of  the  str(>ams  descending  from  it,  chiefly  on  the  eastern  dope 
in  SilKTia,  platinum  is  found  in  considerable  quantity.  The  chkf 
districts  are  Nizhni  Tagilsk,  Bissersk  and  Goroblagodat,  and  fs^ 
tiior  to  the  north,  Bogoslowsk. 

Platinum  was  first  discovered  in  the  United  States  of  Colombia, 
Sout  \\  America,  where  it  received  its  name  jjlatirui  from  pUUa  (silver). 
It  is  to  be  found  there  in  two  districts  near  the  Pacific  coast.  The 
cliief  district  covers  the  greater  part  of  the  intend^icia  of  Chooo, 
wliile  the  second,  that  of  Barbacoas,  is  in  the  department  of  Cauca. 
The  platinum  occurs  here  with  gold  in  placer  deposits,  and,  while 
the  fields  are  not  largely  productive  at  present,  th^  may  become  so. 

Tlie  only  platinum  found  in  the  United  States  comes  from  the 
gold  placer  deposits  of  Oregon  and  California,  but  the  yearly  yieU 
amounts  to  only  a  few  thousand  dollars  in  value. 
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Qse.  The  uses  of  the  metal  depend  chiefly  upon  its  insolu- 
ity,  inf usibility  and  superior  hardness.  It  is  used  for  various 
lentific  instruments  such  as  crucibles,  dishes,  etc.,  in  the  chemi- 
I  laboratory;  to  line  the  distilling  apparatus  in  the  manufac- 
ire  of  sulphuric  acid;  in  the  electrical  industry  for  contacts, 
«.;  in  jewelry,  chiefly  as  the  setting  for  diamonds;  as  anodes 
I  the  electrolytic  chemical  industry;  for  electric  heating  appa- 
itus;  for  the  measurement  of  high  temperatures  by  the  use  of 
hermoeleetricity;  for  sparking  plugs  in  explosive  motors;  in 
DLcandescent  electric  lights;  in  the  manufacture  of  false  teeth 
ind  in  fillings  for  teeth;  and  in  various  chemical  reactions  which 
ire  facilitated  by  the  use  of  finely  divided  platinum. 

Iron. 

Native  iron,  with  always  some  nickel  and  usually  small  amounts 
of  cobalt  and  frequently  traces  of  copper,  manganese,  sulphur,  car- 
bon, phosphorus,  etc.  Isometric.  Practically  always  massive. 
H.  =  4r-5.  G.  =  7.3-7.8.  Malleable.  Metallic  luster.  Color  steel- 
gray  to  black.  Strongly  magnetic.  Occurs  very  sparingly  as  terres- 
trial iron,  and  in  the  form  of  meteorites.  Found,  included  in  basalt, 
on  the  west  coast  of  Greenland,  varying  in  size  from  small  dissemi- 
nated grains  to  large  masses.  Has  been  noted  in  a  few  other  locali- 
ties* with  a  similar  association.  Nickel-iron  alloys  have  been  found 
in  the  gold  sands  of  New  Zealand  (awaruite)^  from  Josephine  County, 
Oregon  (Jo8ephinite)j  and  from  the  Fraser  River,  British  Columbia 
(sotiesUe),  Most  meteorites  contain  native  iron.  The  metal  some- 
times forms  practically  the  entire  body  of  the  meteorite,  while  at 
other  times  it  forms  a  cellular  mass,  inclosing  grains  of  chrysolite,  etc. 
In  the  stony  meteorites,  iron  is  found  disseminated  through  them 
in  the  shape  of  small  grains.  Meteorites  are  to  be  recognized  usually 
by  their  fused  and  pitted  exterior.  At  first  they  are  coated  with  a 
film  of  iron  oxide,  which  disappears,  however;  on  continued  exposure 
to  the  weather. 

Iridium,  Iridosmine,  an  alloy  of  iridium  and  osmium,  and 
PaUadium  are  rare  metals  in  the  Platinum-Iron  Group. 

SULPfflDES. 

The  sulphides  form  an  important  group  of  minerals  which  in- 
cludes the  majority  of  the  ore  minerals.  With  them  are  classed 
the  similar  but  rarer  selenides,  tellurides,  arsenides  and  anti- 
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monides.  The  sulphides  may  be  divided  into  two  groups  de- 
pending upon  the  character  of  the  metal  present:  (1)  8vtpMd» 
of  the  Semimetals,  (2)  Stdphides  of  the  Metals. 

SULPHIDES  OF  THE  SEMIMBTALS. 

Realgar. 

Composition.    Arsenic  monosulphide,  AsS  »  Sulphur  19.9, 
arsenic  70.1. 
Crystallization.    Monoclinic.    Short  prismatic  crystals,  va- 
tically  striated.     (See  Fig.  214.) 

Structure.  In  crystals,  coarse  to  fine  granu- 
lar, often  earthy  and  as  an  incrustation. 

Physical  Properties.  Cleavage  paralld  to 
clinopinacoid.  H.  =  1.5-2.  G.  =  3.55.  Resin- 
ous luster.  Color  and  streak  red  to  orange. 
Transparent  to  opaque. 

Tests.  Fusible  at  1.  Easily  volatile.  Heated 
on  charcolal  yields  a  volatile  white  sublimate  of 
arsenious  oxide  with  characteristic  garlic  odor. 
Roasted  in  0.  T.  gives  volatile  cr3rstalline  subli- 
mate of  arsenious  oxide  and  odor  of  sulphur  dioxide.  Charac- 
terized chiefly  by  deep  red  color  and  resinous  luster. 

Occurrence.  A  rare  mineral,  occurring  usually  with  orpiment, 
AS2S8.  Found  associated  with  silver  and  lead  ores  in  Hungaiy, 
Bohemia,  Saxony,  etc.  Found  in  good  crystals  at  Nagyig,  Tran- 
sylvania; Binnenthal,  Switzerland;  Allchar,  Macedonia.  Occun 
in  Iron  County,  Utah.  Found  deposited  from  the  geyser  waters  in 
Yellowstone  Park. 

Name.  The  name  is  derived  from  the  Arabic,  Rahj  al  g^, 
powder  of  the  mine. 

Use.  Was  used  in  fireworks  to  give  a  briUant  white  light  when 
mixed  with  saltpeter  and  ignited.  Artificial  arsenic  sulphide  is 
at  present  used  for  this  purpose. 


Fig.  214. 


Orpiment. 

Composition.    Arsenic  trisulphide,  AssSs  -  Sulphur  39,  arse- 
nic 61. 
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Cryatallization.     Moaoclinic.     Cryatais  small  and  rarely  dis- 

Stnictur«.     Uaually  foliated, 

PbTSical  ProportlM.     Very  perfect  cleavage  parallel  to  cli 
pinacoid.     Folia  flexible  but  not  elastic.     Sectile.     H.  =  1.5-2. 
G.  =  3.4-3.5.     Reainoua  luster,  pearly  on  cleavage  face.     Color 
lemon-yellow.     Traasluceut. 

Testa.  Same  as  for  realgar  (which  see).  Characterized  by 
ita  yellow  color,  perfect  cleavage  and  foliated  structure. 

Occurrence.  A  rare  mineral,  usaocinted  uaually  with  realgar. 
Found  in  various  piacea  in  Hungary;  in  Kurdistan;  in  Peru,  etc. 
Occurs  at  Mercur,  Utah.  Deposited  from  geyser  waters  in  the 
YeUowatone  Park. 

Name.    DerivedfroHatheLatin,aunpi[pneTiiMffi, "golden paint." 
Use.     For  a  pignaent,  in  dyeing  aud  in  a  preparation  for  the 

removal  of  hair  from  skins.     Artificial  arsenic  sulphide  is  largely 

used  in  place  of  the  mineral. 

I  Stibnite.  I 

Composition.  Antimouy  triaulpliide,  Sb^i  =  Sulphur  28.6, 
antimony  71.4.     Sometimes  carries  gold  or  silver. 

CrjstalllEation.  Orthorhombic.  Slender  prismatic  habit, 
prism  zone  vertically  striated.  Crystals  often  steeply  termi- 
nated. (See  Fig.  216.)  Often  in  radiating  groups.  Crystals 
sometimes  curved  or  bent  (Fig.  215). 

Structure.  In  radiating  crystal  groups  or  in  bladed  forma  with 
prominent  cleavage.     Massive,  coarse  to  fine  columnar. 

Physical  Propertisa.  Perfect  cleavage  parallel  to  bracliy- 
pinacoid.  11.  =2.  G.  =  4.55.  MctaUic  luster,  splendent  on 
cleavage  surfaces.     Color  and  streak  lead-gray. 

Tests.  Very  easily  fusible  at  1.  B.  B.  on  charcoal  gives  dense 
white  coating  of  antimony  trioxide  and  odor  of  sulphur  dioxide. 
When  roasted  in  0.  T.  gives  nonvolatile  white  sublimate  on 
bottom  of  tube  and  a  white  volatile  sublimate  as  ring  around 
tube.  Heated  in  C.  T.  gives  a  faint  ring  of  sulphur  and  below 
1  (when  cold)  deposit  of  oxysulphide  of  antimony.     Char- 
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Qm.  Used  in  various  alloys,  as  type  metal,  pewter  and  aatJ- 
frietion  metal.  The  sulphide  is  em^Joyed  id  the  manufacture 
of  firewoilcfl,  matches,  percussion  caps,  etc.  Used  in  vulcaniung 
rublier.  Uaetl  in  medicine  as  tartar  emetic  and  other  compounds. 
Antimony  triozide  is  used  as  a  pigment  and  for  making  glass. 


Bismuthinite. 
Compoaition.    Bismutti  trisulphide,  BiiSi  =  Sulphur  IS.8,  h 
mutb  81.2. 

Ci7>tallitation.     Orthorhombic.     In  acicular  ciystals,   1 
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Structure.     Usually  massive,  foliated  or  bladed. 

Physical  Properties.  Perfect  cleavage  parallel  to  brachy- 
linacoid.  H.  =2.  G.  =  6.4r-6.5.  Metallic  luster.  Color  and 
Ireak  lead-gray. 

Tests.  Easily  fusible  (1).  Roasted  in  0.  T.  or  B.  B.  on  char- 
!0&1  gives  odor  of  sulphur  dioxide.  Mixed  with  potassium  iodide 
ind  sulphur  and  heated  on  charcoal  gives  characteristic  yellow 
X)  red  coating.  Resembles  stibnite;  recognized  by  the  test  for 
}ifimuth. 

Occurrence.  A  rare  mineral,  found  in  Cumberland,  England;  in 
3axony,  Sweden,  Bolivia,  Beaver  County  in  Utah,  etc. 

Use.    An  ore  of  bismuth.    See  under  native  bismuth. 

Molybdenite. 

Composition.  Molybdenum  disulphide,  MoSs  ^^^  Sulphur  40, 
Qolybdenum  60. 

Crystallization.  Hexagonal.  Crystals  in  hexagonal-shaped 
»lates  or  short,  slightly  tapering  prisms. 

Structure.     Commonly  foliated  massive  or  in  scales. 

Physical  ProiSerties.  Perfect  basal  cleavage.  Laminae  flex- 
Die  but  not  elastic.  Sectile.  H  =  1.  G.  =  4.75.  Greasy  feel. 
Metallic  luster.    Color  lead-gray.    Grayish  black  streak. 

Tests.  Infusible.  Heated  B.  B.  gives  yellowish  green  flame, 
toasted  in  0.  T.  gives  odor  of  sulphur  dioxide  and  deposit  of 
bin  plates  of  molybdenum  oxide,  crossing  the  tube  above  the 
lineral.  Heated  on  charcoal  in  0.  F.  gives  a  white  coating  of 
lolybdenum  oxide;  when  this  coating  is  touched  with  R.  F. 
urns  to  deep  blue  color.  Resembles  graphite  but  is  distin- 
uished  from  it  by  having  a  blue  tone  to  color,  while  graphite 
as  a  brown  tinge,  and  by  its  reactions  for  sulphur  and  molyb- 
enum. 

Occurrence.  Occurs  in  granite,  gneiss  and  granular  limestone, 
ither  as  nests  or  disseminated  through  the  rock.  Found  in  the 
Jnited  States  in  many  localities,  but  usually  not  in  commercial  quan- 
ity.  Found  at  Blue  Hill  and  Cooper,  Maine;  Westmoreland,  New 
lampshire;   Pitkin,  Colorado;   in  Okanogan  County,  Washington. 

Use.    An  ore  of  molybdeniun.    See  under  wulfenite. 
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SULPHIDES,  ETC.,   OF  THE  METALS. 

The  sulphides  of  the  metals  are  divided  into  the  following 
groups:  A.  Basic  Division;  B.  Monosvlphide  Division;  C.  In- 
termediate Division;  D.  DisiUphide  Division, 

A.  BASIC  DIVISION. 

This  division  includes  several  rare  compounds  of  silver  or  cop- 
per with  antimony  or  arsenic  such  as  dyscrasite,  AgsSb  to  AgiSb; 
domeykite,  CuaAs;   algodonite,  CueAs;  whitneyite,  CusAs. 

B.  MONOSULPHIDE  DIVISION. 

1.   GALENA  GROUP.     ISOMETRIC. 

Argentite.    Silver  Glance. 

Composition.  Silver  sulphide,  AgjS  =  Sulphur  12.9,  silver 
87.1. 

Crystallization.  Isometric.  Cube,  dodecahedron  and  octa- 
hedron the  most  common  forms.  Crystals  often  distorted  and 
arranged  in  branching  or  reticulated  groups. 

Structure.  Commonly  massive,  platy,  earthy  or  as  a  coating. 
More  rarely  in  crystals. 

Physical  Properties.  H.  =  2-2.5.  G.  =  7.3.  Easily  sectile, 
can  be  cut  with  a  knife  like  lead.  Metallic  luster.  Color  and 
streak  blackish  lead-gray.  Streak  shining.  Bright  on  fresh 
surface  but  on  exposure  becomes  dull  black,  due  to  the  forma- 
tion of  an  earthy  sulphide. 

Tests.  Easily  fusible  at  1.5  with  intumescence.  When  fused 
alone  on  charcoal  in  0.  F.  gives  off  odor  of  sulphur  dioxide  and 
yields  a  globule  of  pure  silver.  Distinguished  by  these  tests 
and  by  its  color,  sectility  and  high  specific  gravity. 

Occurrence.  A  fairly  common  ore  of  silver.  Usually  found  in 
silver  veins  as  small  masses,  often  earthy  or  as  a  coating.  Associated 
with  native  silver,  the  ruby  silvers,  stephanite  and  other  silver  min- 
erals; also  galena.  In  the  United  States  it  was  an  important  ore 
in  the  mines  of  the  Comstock  Lode,  Nevada;  at  present  found  in 
Nevada  at  Tonopah  and  elsewhere.     Found  also  in  some  of  the  silver 
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diatricts  of  AriEona.  An  important  on  in  the  silver  mines  of  Guao- 
aiuftU)  and  elsewhere  in  Mexico;  in  Peru,  Chile  and  Bolivia.  Im- 
portant European  localities  for  its  occurrence  are  Freiberg  in  Saxony, 
Annaberg  in  Austria,  Joachimathol  in  Bohemia,  Schemniti  and 
Kremnitz  in  Hungary,  Kongsberg  in  Norway. 

Uae.    An  importaDt  ore  of  silver. 

Galena.    Galenite. 

Composition.  Lead  sulphide,  PbS  -  Sulphur  13.4,  lead  86.6. 
Almost  always  carries  traces  of  silver  sulphide,  frequently  enough 
to  make  it  a  valuable  silver  ore.  At  times  also  contains  small 
amounts  of  selenium,  zinc,  cadmium,  antimony,  bismuth  and 
copper. 

CiTBtaUlsation.  Isometric.  Moat  common  form  is  the  cube, 
octahedron  sometimes  as  truncations  to  cube,  more  rarely  as  the 
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Cube.  Cuba  luid  Ootabediun.  Octahedrot 

simple  form  (Figs.  217, 21S  and  219;  see  also  A,  pl.V.).  Dode- 
cahedron and  trisoctabedron  rare. 

Structure.  Commonly  crystallized  or  massive  cleavable; 
coarse  or  fine  granular. 

PhTsical  Froperti«a.  Perfect  cubic  cleavage.  H.  =  2.5-2.75. 
G.  =  7.4-7.6.  Bright  metallic  luster.  Color  and  streak  lead- 
gray. 

Tuts.  Easily  fusible  at  2.  Reduced  on  charcoal  to  lead 
globule  with  formation  of  yellow  to  white  coating  of  lead  oxide. 
When  heated  rapidly  in  the  0.  F.  the  coating  is  heavier  and  con- 
sists chiefly  of  a  white  volatile  combination  of  oxides  of  lead  and 
sulphur,  which  resembles  the  antimony  oxide  coating.  Odor  of 
sulphur  dioxide  when  roasted  on  charcoal  or  in  O.  T.    When 
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treated  with  strong  nitric  acid  is  oxidized  to  white  lead  sulphate. 
Determined  chiefly  by  its  high  specific  gravity,  softDesa,!  black 
streak  and  cubic  cleavage. 

Alteration.    By  oxidation  it  is  converted  into  the  sulphate, 
anglesite,  the  carbonate,  cerussite,  or  other  compounds. 

Occurrence.  A  very  common  metallic  sulphide,  assooiated  with 
sphalerite,  pyrite,  marcasite,  chalcopyrite,  cerussite,  anglesite,  dolo- 
mite, calcite,  quartz,  barite,  fluorite,  etc.  Frequently  fo\md  with 
silver  minerals,  often  containing  that  metal  itself  and  so  becoming 
an  important  silver  ore.  A  large  part  of  the  supply  of  lead  oomes 
as  a  secondary  production  from  ores  mined  chidQy  for  thdr  silver. 
Occurs  most  commonly  in  connection  with  limestones,  either  as 
veins  or  irregular  deposits,  or  as  replacement  deposits. 

The  following  are  the  important  lead  producing  localities  in  the 
United  States:  Southeastern  Missouri,  in  which  the  ore  occurs  in 
the  form  of  beds  with  the  mineral  disseminated  through  the  lime- 
stone; southwestern  Missouri,  where  it  is  associated  with  sine  ores, 
and  is  found  in  irregular  veins  and  pockets  in  limestone  and  chert; 
Idaho,  where  the  lead  is  derived  chiefly  from  leadnsilver  deposits, 
the  greater  part  of  which  come  from  near  Wallace  in  Shoshone 
County;  Utah,  in  connection  with  the  silver  deposits  of  the  Tintic 
and  Park  City  districts;  Colorado,  chiefly  from  the  leadnsilver  ores 
of  the  Leadville  District. 

The  most  famous  foreign  localities  are,  Freiberg,  Saxony;  the 
Harz  Mountains;  Pribram,  Bohemia;  Cornwall,  Derbyshire  and 
Cumberland,  England. 

Name.  The  name  galena  is  derived  from  the  Latin  galena^  a 
name  originally  given  to  lead  ore. 

Use.  Practically  the  only  source  of  lead  and  an  important 
ore  of  silver.  Metallic  lead  is  used  chiefly  as  follows:  for  con- 
version into  white  lead  (a  basic  lead  carbonate),  which  is  the 
principal  ingredient  of  the  best  white  paints,  or  into  the  oxides 
used  in  making  glass  and  in  giving  a  glaze  to  earthemware;  as 
pipe  and  sheets;  for  shot;  it  is  one  of  the  ingredients  of  solder 
(an  alloy  of  lead  and  tin),  of  type  metal  (an  alloy  of  lead  and 
antimony)  and  of  low-fusion  alloys  consisting  of  lead,  bismuth 
and  tin. 

The  following  rare  tcllurides  belong  in  this  group;  Aesnte, 
AgjTe;  j)etzite  (Ag,Au)8Te;  dtaitey  PbTe. 


B.    FliLirilc,  Curi.tH!ri:..L.I,  EDBland. 
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3HAI.COCITE   QBODP.    OBTHOKHOHBIC. 

Chalcodte.    Copper  Glance, 
aition.    Cuprous  sulphide,  CuiS  =  Sulphur  20.2,  cop- 

lisation.    Ortborhombic.    Usually  in  small  tabular 
ith  hexagonal  outline.    Striated  parallel  to  the  brachy- 


220).    Of  tea  twinned  in  pseudohexagonal  forms  (Fig. 

uro.     Massive.     Crystals  very  rare. 
bl  FTopartles.     Conchoidal  fracture.     H.  =  2.5-3.     G. 
}.    Metallic  luster.    Color  shining  lead-gray,  tamish- 
posure  to  duU  black.    Streak  grayish  black. 

Easily  fusible  at  2-2.5.  In  0.  T.  or  B.  B.  on  charcoal 
r  of  sulphur  dioxide.  Roasted  mineral,  moistened  with 
iric  acid,  gives  azure-blue  flame.  Soluble  in  nitric  acid; 
jolutioa  with  an  excess  of  ammonia  turns  dark  blue, 
id  by  its  massive  structure,  its  high  specific  gravity, 
softness  and  black  streak. 

enoa.  Found  in  crystals  in  Cornwall,  England,  and  Bris- 
icticut.  Occurs  as  a  mineral  of  secondary  origin  in  the  en- 
le  of  copper  veins  associated  with  bomite,  chalcopyrite, 
nalachite,  pyrite,  etc.  Found  as  an  ore  at  Monte  Catini, 
Mexico,  Peru,  Bolivia,  Chile,  etc.    Occurs  ii 
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deposits  at  Butte,    Montana.    Fotmd   im  Alaska  at  Kenneciitt, 
Copper  River  District. 

Vm.    An  important  copper  ore. 

Stromeyerite. 

A  sulphide  ot  silver  and  copper  (Ag,Cu)^  or  Ag^.Cu^.  Ortbo- 
rhombic.  Commonly  massive,  H.=  2.5-3.  G.=  6.16-6.3.  Me- 
tallic luster.  Color  and  streak  grayish  black.  Fusible  at  1.5.  In 
O.  T.  gives  odor  of  sulphur  dioxide.  Roasted  mineral  with  bydrt- 
chloric  acid  gives  azureilue  flame.  Nitric  acid  solution  with  hydio- 
chloric  acid  gives  precipitate  of  silver  chloride.  A  rare  silver  minatl 
found  with  other  silver  ores. 

3.  SPHAIXBITE   GROUP.    ISOMETRIC,    TETRAHBDE&L 

Sphalerite.    Zinc  Blende,  Black  Jack. 

Composition  Zinc  sulphide,  ZnS  =  Sulphur  33,  zinc  67.  Al- 
most always  eontiins  at  least  a  small  percentage  of  iron  replac- 
ing the  zinc,  but  the  amount  of  iron  may  rise  as  high  as  15  to 
I**  per  cent  Also  frequently  contiuns  small  amounts  of  manga- 
nese, cadmium,  mercim ,  etc 

Crystallization  Isometric,  tetrahedraJ,  Tetmhedron  (Fig. 
222),  dodecahedron  and  cube  common  forms,  but  the  crystals 


frequently  highh  complet  and  usually  distorted  or  in  rounded 
forms     Often  twinned 

Structure      Usuallj  massi\  e  cleavable,  coarse  to  fine  granular. 
Compact,  botryoidal     Also  in  rounded  crystal  masses. 
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Pbysieal  Propertios.  Perfect  dodecahedral  cleavage.  H. « 
.5-4.  G.  =  4-4.1.  Nonmetallic  and  resinous  to  submetallic 
ister;  also  adamantine.  Color  white  when  pure,  and  green 
'hen  nearly  so.  Commonly  yellow,  brown  to  black,  darkening 
dth  increase  in  the  amount  of  iron  present.  Transparent  to 
ranslucent.    Streak  white  to  yellow  and  brown. 

Tests.  Infusible  with  pure  zinc  sulphide  to  difficultly  fusible 
ath  increase  in  amount  of  iron.  Gives  odor  of  sulphur  dioxide 
^hen  heated  on  charcpoal  or  in  0.  T.  Decomposed  in  powder  by 
^ann  hydrochloric  acid  with  evolution  of  hydrogen  sulphide  gas, 
rhich  may  be  detected  by  its  disagreeable  odor.  When  heated 
a  charcoal  gives  a  coating  of  zinc  oxide  (yellow  when  hot,  white 
Then  cold)  which  is  nonvolatile  in  oxidizing  flame.  Recognized 
sually  by  its  striking  resinous  luster  and  perfect  cleavage.  The 
ark  varieties  (black  jack)  can  be  told  by  noting  that  a  knife 
cratch  leaves  a  reddish  brown  streak. 

Occurrence.  Sphalerite,  the  most  important  ore  of  zinc,  is  an 
xtremely  common  mineral,  especially  as  a  constituent  of  metallic 
eins.  Found  widely  distributed,  but  chiefly  in  veins  and  irregular 
odies  in  limestone  rocks.  Associated  with  galena,  pyrite,  marcasite, 
halcopyrite,  smithsonite,  calcite,  dolomite,  siderite,  etc.  May  carry 
ilver  or  gold.  Large  deposits  are  found  in  the  United  States  in 
tiissouri,  Kansas,  Arkansas,  Wisconsin,  Iowa,  Illinois,  Colorado. 
The  chidF  locality  for  its  production  is  the  Joplin  District  in  south- 
western Missouri.  Found  in  large  quantities  in  connection  with  the 
3ad-silver  deposits  of  Leadville,  Colorado.  Noteworthy  European 
dcalities  are  at  Alston  Moor  and  other  places  in  the  lead-mining  dis- 
ricts  of  northern  England;  Binnenthal,  Switzerland,  in  fine  crystals; 
bt  Schenmitz  and  other  localities  in  the  gold  and  silver-mining  dis- 
nets  of  Hungary. 

Name.  The  name  blende  is  from  the  German,  bUnd  or  decep- 
tive, because  while  often  resembling  galena  it  yielded  no  lead. 
SphalerUe,  for  the  same  reason,  is  derived  from  a  Greek  word 
meaning  treachercms. 

Use.  The  most  important  ore  of  zinc.  The  chief  uses  for 
metallic  zinc,  or  spelter,  are  in  galvanizing  iron,  making  brass, 
Ein  alloy  of  copper  and  zinc,  in  electric  batteries,  and  as  sheet 
dnc.    Zinc  oxide,  or  zinc  white,  is  used  extensively  for  making 
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paint.  Zinc  chloride  is  used  as  a  preservative  for  wood,  ^c 
sulphate  is  used  in  dyeing  and  in  medicine.  Sphalerite  also 
serves  as  the  most  important  source  of  cadmium. 

Alabandite. 

Manganese  sulphide,  MnS.  Isometric;  tetrahedral.  Usually  gran- 
ular massive.  Cubic  cleavage.  H.  =  3.5-4.  G.  =  3.95.  Subme- 
tallic  luster.  Color  iron-black,  tarnished  to  brown  on  exposure. 
Streak  ohve-green.  Fusible  at  3.  Gives  odor  of  sulphur  dioxide 
when  roasted  in  O.T.  Soluble  in  hydrochloric  acid  with  evolution 
of  hydrogen  sulphide  gas.  With  sodium  carbonate  in  O.  F.  gives 
opaque  greenish  blue  bead  (manganese).  A  rare  mineral,  occurring 
usually  with  gold  or  silver  ores. 

Pentlandite. 

A  sulphide  of  iron  and  nickel  (Ni,Fe)S.  Isometric.  Massive 
granular.  Octahedral  cleavage.  H.  =  3.5-4.  G.  =  4.55-6.  Metal- 
licluster.  Yellowish  bronze  color.  Black  streak.  Fusible  at  1.5-2. 
Gives  odor  of  sulphur  dioxide  in  O.  T.  Magnetic  on  heating  in 
R.  F.  Roasted  mineral  in  O.  F.  colors  borax  bead  reddish  brown 
(nickel).  Closely  resembles  pyrrhotite  in  appearance  but  to  be 
distinguished  by  the  octahedral  cleavage.  A  rare  mineral,  found 
with  chalcopyrite  near  Lillehammer,  Norway,  and  with  pyrrhotite 
and  chalcopyrite  in  the  nickel  deposits  at  Sudbury,  Canada. 

Other  minerals  which  are  rare  in  occurrence  that  belong  in 
this  group  are,  metacinnaharitey  HgS;  iismannUe^  HgSe;  anofriie, 
Hg(S,Se);  coloradoitey  HgTe. 


4.  CINNABAR-MILLERITE  GROUP.    HEXAGONAL. 

Cinnabar. 

Composition.  Mercuric  sulphide,  HgS  =  Sulphur  13.8,  mer- 
cury 86.2.  Usually  impure  from  admixture  of  clay,  iron  oxide, 
etc. 

Crystallization.  Hexagonal-rhombohedral;  trapezohedral. 
Crystals  usually  rhombodedral,  often  in  penetration  twins. 
Trapezohedral  faces  rare. 

Structure.  Usually  fine  granular  massive;  also  earthy  and 
as  incrustations.    Crystals  rare. 
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rrieal  Propertiea.  H.  -  2-2.5.  G.  -  8.10.  Adamantine 
wheu  pure,  to  dull  and  earthy  when  impure.  Color  ver- 
■red  when  pure,  to  brownish  red  when  impure.  Scarlet 
.    Transparent  to  opaque. 

'M.  Wholly  volatile  when  free  from  gangue.  Gives  black 
ate  of  mercury  sulphide  when  heated  alone  in  C.  T. 
carefully  heated  in  C.  T.  with  dry  sodium  carbonate  gives 
s  of  metallic  mercury.  Carefully  roasted  in  O.  T.  gives 
if  sulphur  dioxide  and  sublimate  of  metallic  mercury, 
lijed  usually  by  color,  streak  and  high  specific  gravily. 

immce.  The  most  important  ore  of  mercury,  but  faunil  \a 
y  at  comparatively  few  localiticB.  Occurs  filling  fissures, 
,  etn,,  usually  in  aedimentary  rocks;  frequently  as  impregna- 
aandstaQe  or  limestone.  Associated  with  pyrite,  mnreasite, 
',  calcite,  barite,  gypsum,  opal,  quartz,  etc.  Always  found 
leighborhood  of  igneous  rock  masses  from  which  it  is  thought 
e  mercury  was  derived.  Deposited  probably  through  the 
of  ascending  hot  naterfi.  DepositH  of  mercuric  sulphide  are 
irmed  to-day  by  the  liot  springs  at  Steamboat  Springs,  Ne- 
od  at  Ohaiawai,  New  Zealand.  The  important  localities  for 
irrence  of  cinnabar  are  at  Almaden,  Spain;  Idriain  Gamiola; 
.velica  in  eouthem  Peru;  Kwei  Chaw,  China;  New  Idria  in 
lito  County,  Napa  County,  and  New  Almadcn  in  Santa  Clara 
,  California;  Terlingua,  Brewster  County,  Texas.  Hepatic 
r  is  an  inflammable  variety  with  liver-brown  color  and  some- 
brownish  streak,  usually  granular  or  compact. 

e.     The  name  cinnabar  is  supposed  to  have  come  from 
vhere  it  is  applied  to  a  red  resiu. 
The  only  important  source  of  mercury, 

Covellite. 

e  sulphide,  CuS.  Hexagonal.  Rarely  in  tabular  hexagonal 
with  prominent  basal  plane.  Usually  massive.  Perfect 
eavage.  H.  =  1.5-2.  G.  -  4.59.  Metallic  luster.  Color 
ilue.  Fusible  at  2.5.  Gives  odor  of  sulphur  dioxide  in 
nd  much  sulphur  in  C.  T.  The  roB.sted  mineral,  moistened 
'drochloric  auiil  and  ignited,  gives  a  blue  flame  (copper), 
soistened  with  water  shows  a  strong  purple  color.  A  rare 
found  only  in  the  enriched  sulphide  zone  of  copper  deposits, 
ed  with  chalcocite,  bornite,  etc. 
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Greenockite. 

Composition.    Cadmium  sulphide,  CdS  =  Sulphur  22i,  cad-  |!a 
mium  77.7. 

Crystallization.  Hexagonal;  hemimorphic.  Crystals  hani* 
morphic.  sho^^iiig  prism  faces  and  terminated  usually  below  vHh 
base  and  above  ^ith  pyramids. 

Structure.  Usually  pulverulent,  as  thin  powdery  incrustir 
tions.     Crj'stals  small  and  rare. 

Physical  Properties.  H.  =  3-3.5.  G.  =  4.9-5.  Luster  ada- 
mantine to  resinous,  earthy.    Color  yeUow. 

Tests.     Infusible.    Yields   odor   of    sulphur   dioxide 
heated  B.  B.  or  in  O.  T.    Decomposed  by  hydrochloric 
with  the  evolution  of  hydrogen  sulphide  gas,  which  may  be  de- 
tected by  its  disagreeable  odor.    Gives  a  reddish  brown  coating 
of  cadmium  oxide  when  heated  with  sodium  carbonate  on  char- 
coal.   Characterized  by  its  yellow  color  and  pulverulent  form. 

Occurrence.  Most  common  mineral  containing  cadmium  but 
found  only  in  a  few  localities  and  in  small  amount.  Associated 
usually  with  zinc  ores,  often  as  a  coating  on  sphalerite  and  smith- 
sonite.  Found  in  crjstals  at  Bishopton,  Renfrewshire,  Scotland; 
with  the  zinc  ores  of  southwc?stem  Missouri  and  in  Arkansas,  also 
in  various  localities  in  Bohemia  and  Greece. 

Use.  A  source  of  cadmium.  Cadmium-bearing  zinc  ores  fur- 
nish the  greater  part  of  the  metal  produced.  Cadmium  is  used 
in  alloys  for  dental  and  other  purx>oses.  The  sulphide  serves  as 
a  yellow  pigment. 

Millerite.     Capillary  Pyrites. 

Composition.  Nickel  sulphide,  NiS  =  Sulphur  35.3,  nicM 
64.7. 

Crystallization.     Hexagonal-rhombohedral. 

Structure.  Usually  in  hairlike  tufts  and  radiating  groups  of 
slender  to  capillar}'  crystals.  Sometimes  in  velvety  incrusta- 
tions. 

Physical  Properties.  Cleavage  rhombohedral.  H.  =  3-3.5. 
G.  =  5.65.    Metallic  luster.     Pale  brass-yellow;  with  a  green- 
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ish  tinge  when  in  fine  hairlike  masses.    Streak  black,  somewhat 
greenish. 

Tests.  Fusible  at  1.5-2  to  magnetic  globules.  Gives  odor 
of  sulphur  dioxide  when  heated  on  charcoal  or  in  0.  T.  The 
roasted  mineral  colors  the  borax  bead  reddish  brown  in  0.  F. 

Occurrence.  Occurs  in  various  localities  in  Saxony  and  Bohemia ; 
in  CJomwall;  with  hematite  and  siderite  at  Antwerp,  N.  Y.;  with 
pyrrhotite  at  the  Gap  Mine,  Lancaster  County,  Pennsylvania;  in 
calcite  at  St.  Louis,  Missouri,  Keokuk,  Iowa,  etc. 

Use.    A  subordinate  ore  of  nickel. 


Niccolite.    Copper  Nickel. 

Composition.  Nickel  arsenide,  NiAs  =  Arsenic  56.1,  nickel 
43.9.  Usually  with  a  little  iron,  cobalt  and  sulphur.  Arsenic 
frequently  replaced  in  part  by  antimony. 

Crystallization.    Hexagonal;  hemimorphic  (?). 

Structure.     Usually  massive.    Crystals  rare. 

Physical  Properties.  H.  =  5-5.5.  G.  =  7.5.  Metallic  lus- 
ter. Color  pale  copper-red,  (hence  called  copper-nickel)  with 
gray  to  bEackish  tarnish.    Brownish  black  streak. 

Tests.  Fusible  (2).  When  heated  B.  B.  on  charcoal  a  white 
volatile  deposit  of  arsenious  oxide  forms  and  a  garlic-like  odor 
is  given  off.  Gives  to  borax  bead  a  reddish  brown  color  (nickel). 
Characterized  chiefly  by  its  color. 

Occurrence.  Associated  usually  with  cobalt,  silver  and  copper 
minerals.  Not  very  common.  Found  in  the  silver  mines  of  Saxony, 
in  Sweden,  at  Cobalt,  Canada,  etc. 

Use.    A  minor  ore  of  nickel. 

Pyrrhotite.     Magnetic  Pyrites. 

Composition.  A  sulphide  of  iron,  varying  in  composition  from 
FCfiSe  up  to  FcieSiT.  FeiiSi2  is  the  usually  accepted  formula. 
Often  carries  a  small  amount  of  nickel. 

Crystallization.  Hexagonal.  Crystals  usually  tabular,  or 
sometimes  pjrramidal. 
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Structure.  Practically  always  massive  with  granular  or  lamel- 
lar structure. 

Phjrsical  Properties.  H.  =  4.  G.  =  4.65.  Metallic  luster. 
Brownish  bronze  color.  Black  streak.  Usually  slightly  mag- 
netic, but  sometimes  scarcely  at  all  so. 

Tests.  Easily  fusible.  Strongly  magnetic  after  heating. 
B.  B.  or  in  0.  T.  gives  odor  of  sulphur  dioxide.  Little  or  no 
sulphur  in  C.  T.  Decomposed  by  hydrochloric  acid,  giving  off 
hydrogen  sulphide  gas.  Recognized  usually  by  its  massive 
structure  and  bronze  color. 

Occurrence.  A  common  minor  constituent  of  igneous  rocks. 
Occurs  in  large  masses  in  intimate  association  with  basic  igneous 
rocks  and  is  thought  by  many  to  have  been  formed  through  mag- 
matic  differentiation.  This  view  is  doubted  by  many  and  is  still 
open  to  question.  Associated  with  the  ferromagnesian  minerals  of 
the  rocks  in  which  it  occurs,  and  also  with  chalcop3rrite,  and  nickel 
minerals,  as  pentlandite,  millerite,  etc.*  Found  in  large  quantities 
in  Norway  and  Sweden,  at  Sudbury,  Ontario,  Canada;  at  Stafford 
and  Ely,  Vermont;  at  Ducktown,  Tennessee.  Was  found  at  the 
Gap  Mine,  Lancaster  County,  Peimsylvania. 

Name.    Derived  from  a  Greek  word  meaning  reddish. 
Use.    Serves  as  an  important  ore  of  nickel,  particularly  at 
Sudbury,  Ontario. 

In  this  group  belongs  also  the  rare  mineral,  wurtssite,  ZnS,  which 
differs  from  sphalerite,  since  it  is  Hexagonal  in  cr3^allization. 

C.  INTERMEDIATE  DIVISION. 
Bomite.     Purple  Copper  Ore,  etc. 

Composition.  Cu6FeS4  =  Sulphur  25.5,  copper  63.3,  iron 
11.2.  Analyses  of  different  specimens  show  quite  a  wide  varia- 
tion in  the  percentages  of  the  elements  present,  copper  ranging 
from  55  to  71  per  cent.  Analyses  of  the  purest  material,  how- 
ever, agree  with  the  above  formula. 

Crystallization.  Isometric.  Crystals  rare.  Usually  in  rough 
cubes,  sometimes  in  penetration  twins.  Dodecahedron  and  octa- 
hedron at  times. 

Structure.     Commonly  massive. 
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Properties.  H. »  3.  G. »  4.9-5.4.  Metallic  lus- 
lor  brownish  bronze  on  fresh  fracture  but  quickly  tar- 
>n  exposure  to  variegated  purple  and  blue  and  finally  to 
lack.    Streak  grayish  black. 

Easily  fusible  at  2.5.  Gives  odor  of  sulphur  dioxide 
Dal  or  in  0.  T.  Yields  only  a  very  little  sulphur  in  C.  T. 
magnetic  in  R.  F.  If,  after  roasting,  it  is  moistened 
Irochloric  acid  and  heated,  it  gives  an  azure-blue  flame 
.  Easily  soluble  in  nitric  acid  with  separation  of  sul- 
lution  neutralized  with  anmionia  gives  red-brown  pre- 
of  ferric  hydroxide  and  blue  color  to  filtrate.  Charac- 
liiefly  by  its  purple  tarnish. 

rence.  An  important  and  widely  occurring  ore  of  copper, 
Uy  with  other  copper  minerals  and  in  subordinate  amount, 
en  found  as  a  primary  constituent  in  igneous  rocks  and  in 
e  veins.  Bomite  and  chalcopyrite  are  the  two  common 
copper  minerals,  from  which  other  copper  minerals  have 
vei  through  secondary  action.  It  is  also  frequently,  itself, 
ary  mineral,  formed  in  the  upper,  enriched  zone  of  copper 
rough  the  action  of  descending  copper-bearing  solutions, 
Jcopyrite.  The  minerals  with  which  it  is  commonly  asso- 
re  chalcopyrite,  chalcocite,  enargite,  malachite,  azm-ite, 
tc.  It  frequently  occurs  in  intimate  mixture  with  chal- 
and  chalcocite.  Found  in  the  United  States  at  Butte, 
,;  in  the  copper  mines  of  Virginia  and  North  Carolina.  It 
d  in  unusual  crystals,  associated  with  crystallized  chalcocite 
dI,  Connecticut.  Occurs  at  Acton,  Canada.  Found  in 
;  Monte  Catini,  Tuscany,  and  in  various  other  European 
.    An  important  ore  in  Chile,  Peru,  Bolivia  and  Mexico. 

.  Bomite  was  named  after  the  mineralogist  von  Born 
'91).  Sometimes  called  horseflesh  ore  in  reference  to 
•  on  the  fresh  fracture,  or  variegated  copper  ore  or  peacock 
use  of  its  purple  tarnish.  Called  for  the  latter  reason 
e  by  English  mineralogists. 
An  important  ore  of  copper. 

Linnaeite. 

hide  of  cobalt,  C03S4  or  C0S.C02S3,  with  the  cobalt  replaced 
ng  amount  by  nickel.     Isometric.     In   small  octahedral 
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ciystals  or  granular  massive.  H.  =  5.5.  G.  =  4.9.  MetaOic  \» 
ter.  Color  pale  steel-gray.  Grayish  black  streak.  Fusible  at  2: 
Gives  odor  of  sulphur  dioxide  in  O.  T.  Fuses  in  R.  F.  to  a  mapetie 
globule.  Roasted  mineral  colors  the  borax  bead  blue  (cobalt).  A 
rare  mineral,  found  with  chalcopyrite  near  Riddarhyttan,  Sweden; 
with  barite  and  siderite  at  Musen,  Prussia;  with  lead  ores  at  Mine  la 
Motte,  Missouri. 


Chalcop3rrite.    Copper  Pyrites.     Yellow  Copper  Ore. 


Composition.    A  sulphide  of  copper  and  iron,  CuFeSs  = 
phur  35,  copper  34.5,  iron  30.5. 

Crystallization.  Tetragonal;  sphenoidal.  Cr3rstalsuBua]^iD 
unit  sphenoids  (Fig.  224),  which  because  the  vertical  axis  la  dose 
to  unity  (c  =  0.985)  are  very  near  to  the  isometric  tetrahedron 


Fig.  224.  Fig.  225. 

in  angles.    Steeper  sphenoids  (Fig.  225),  and  other  more  compte 
forms  occasionally  observed. 

Structure.    Usually  massive,  compact;   at  times  in  crystab. 

Physical  Properties.  H.  =  3.5.  G.  =  4.2-4.3.  Metallic  lus- 
ter. Color  brass-yellow;  often  tarnished  to  bronze  or  iridescent. 
Streak  greenish  black. 

Tests.  Easily  fusible  to  a  magnetic  globule.  Gives  odor  of 
sulphur  dioxide  when  heated  B.  B.  or  in  0.  T.  Gives  sulphur  in 
C.  T.  After  roasting,  and  moistening  with  hydrochloric  acid, 
gives  an  azure-blue  flame.  Readily  decomposed  by  nitric  acid, 
giving  separated  sulphur;  solution  made  ammoniacal  gives  red- 
brown  precipitate  of  ferric  hydroxide  and  blue  filtrate  (copper). 
Recognized  by  its  brass-yellow  color,  greenish  black  streak  and 
its  softness.     Distinguished  from  pjnrite  by  its  being  softer  than 
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beel  and  from  gold  by  its  being  brittle.    Known  sometimes  as 
fooFs  gold,"  a  term  which  is  also  applied  at  times  to  pyrite. 

Occurrence.  The  most  common  ore  of  copper.  Occurs  widely 
listributed  in  metallic  veins  associated  with  pyrite,  pyrrhotite, 
►omite,  chalcocite,  tetrahedrite,  malachite,  azurite,  sphalerite, 
3ilena,  quartz,  calcite,  dolomite,  siderite,  etc.  May  carry  gold  or 
ilver  and  become  an  ore  of  those  metals.  Often  in  subordinate 
•moimt  with  large  bodies  of  P3rrite,  making  them  serve  as  low-grade 
opper  ores.  Chief  ore  of  copper  mines  at  Cornwall,  England; 
'alun,  Sweden;  Rio  Tinto,  Spain;  Sudbury,  Canada;  in  South 
frica,  Chile,  etc.  Found  widely  in  the  United  States  but  usually 
I  connection  with  other  copper  minerals  in  equal  or  greater  amount; 
und  at  Butte,  Montana;  Bingham,  Utah;  various  districts  in 
ilifomia,  Colorado,  Arizona,  etc. 

Name.     Derived  from  Greek  word  meaning  brass  and  from 

rites. 

Use.    Most  important  ore  of  copper. 

Stannite. 

\  sulphide  of  copper,  tin  and  iron,  Cu2S.FeS.SnS2.  Zinc  at 
les  also  present.  Tetragonal,  sphenoidal,  but  pseudo-isometric 
rough  twinning.  Practically  always  massive.  H.  =  4.  G.  =  4.4. 
Jtallic  luster.  Color  steel-gray.  Streak  black.  Fusible  at  1.5. 
ghtly  magnetic  after  heating  in  R.  F.  After  roasting,  and  moist- 
ing with  hydrochloric  acid,  gives  when  ignited  a  blue  flame  (cop- 
').  Fused  alone  on  charcoal  gives  a  nonvolatile  white  coating 
tin  oxide.  A  rare  mineral,  found  in  various  places  in  Cornwall 
i  with  the  tin  ores  of  Bolivia. 


D.  BISULPHIDE  DIVISION. 

1.  PYRITE  GROUP.    ISOMETRIC;  PTRITOHEDRAL. 

Pyrite.     Iron  Pyrites. 

:k>xnposition.  Iron  disulphide,  FeS2  =  Sulphur  53.4,  iron  46.6. 
netimes  contains  small  amounts  of  nickel,  cobalt  and  copper, 
jquently  carries  minute  quantities  of  gold  (auriferous  pyrite) . 
^crystallization.  Isometric;  pyritohedral.  Most  common 
stal  forms  are  the  cube,  the  faces  of  which  are  usually  striated, 
striae  on  adjacent  faces  being  perpendicular  to  each  other 
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(Fig.  226);  the  octahedron,  and  the  pentagonal  dodecabednni, 
known  commonly  as  the  pyritohedroa  (Fig.  227).    Jigs.  228 1» 


Fig.  226.    Striated  Cuba. 


Rg.  127.    Pyritolieclrai 


Fis.230. 
utd  FyritohHlroii. 


230  show  characteristic  combinations  of  these  forms.     Rg.  231 

shows  a  penetration  twin  that  is  lit 


Structure.  Often  in  crystals.  Alio 
massive,  granular,  Teniform,  globular 
and  stalactitic. 

Physical  Properties.  Brittle. 
H.  =  6-6.5  (unusually  hard  for  a  buI- 
phide).  G.  -4.95-5.10.  Luster  me- 
tallic, splendent.  Color  pale  brass- 
yellow,  becoming  darker  at  timee  on 
account  of  tarnish.     Streak  greenish  or  brownJBh  black. 
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Tests.  Easily  fusible  (2.5-3)  to  a  magnetic  globule.  Yields 
nuch  sulphur  in  C.  T.  Gives  off  sulphur  dioxide  in  0.  T.  or 
5.  B.  on  charcoal.  Insoluble  in  hydrochloric  acid.  Fine  pow- 
ier  completely  soluble  in  nitric  acid,  but  may  yield  separated 
^phur  wh^n  too  rapidly  decomposed.  Distinguished  from 
'ialcopyrite  by  its  paler  color  and  the  fact  that  it  cannot  be 
cratched  by  steel;  from  gold  by  its  being  brittle. 

Occurrence.  Pyrite  is  the  most  common  of  the  sulphides.  It  is 
common  vein  mineral,  occurring  in  rocks  of  all  ages  and  associated 
ith  many  different  minerals.  Found  frequently  with  chalcopyrite, 
>halerite,  galena,  etc.  Is  widely  distributed  as  an  accessory  rock 
'ineral  in  both  igneous  and  sedimentary  rocks.  Important  de- 
bits of  pyrite  in  the  United  States  are  in  Prince  William,  Louisa 
id  Pulaski  counties,  Virginia,  where  it  occurs  in  large  lenticular 
asses  which  conform  in  position  to  the  foliation  of  the  inclosing 
hists;  in  St.  Lawrence  County,  New  York;  at  the  Davis  Mine, 
^ar  Charlemont,  Massachusetts;  in  various  places  in  California, 
^e  deposits  occur  at  Rio  Tinto  and  other  mines  in  Spain,  also  in 
c>rtugal. 

Alteration.  Pyrite  is  easily  altered  to  oxides  of  iron,  usually 
nonite.  It  is,  however,  in  general  much  more  stable  than 
iircasite.  Pseudomorphic  crystals  of  limonite  after  pyrite  are 
)mmon.  Pjrrite  veins  are  usually  capped  by  a  cellular  deposit 
'  limonite,  termed  gossan.  Rocks  that  contain  pyrite  are  un- 
itable  for  structural  purposes  because  the  ready  oxidation  of 
le  pyrite  in  them  would  serve  both  to  disintegrate  the  rock 
id  to  stain  it  with  iron  oxide. 
Name.    The  name  pyrite  is  from  a  Greek  word  meaning  firCf 

allusion  to  the  fact  that  when  struck  with  steel  it  gives  off 
illiant  sparks. 

Use.  Pyrite  is  often  mined  for  the  gold  or  copper  associated 
ith  it.  Because  of  the  large  amount  of  sulphur  present  in  the 
ineral  it  is  never  used  as  an  iron  ore.  It  is  chiefly  used  to  fur- 
sh  sulphuric  acid  and  copperas  (ferrous  sulphate).  Sulphuric 
;id  is  perhaps  the  most  important  of  all  chemicals,  being  used 
r  many  different  purposes,  some  of  the  more  important  being 

the  purification  of  kerosene  and  in  the  preparation  of  mineral 
rtilizers.     The  gas  SO2  derived  either  through  burning  sulphur 
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or  by  roasting  pyrite  is  used  extensively  in  the  preparation  of 
wood  pulp  for  manufacture  into  paper.  Copperas  is  used  in 
dyeing,  in  the  manufacture  of  inks,  as  a  preservative  of  wood, 
and  for  a  disinfectant. 

Smaltite-Chloanthite. 

Smaltite  is  cobalt  arsenide,  C0AS2;  chloanthite,  nickel  arseDide, 
NiAs2.  The  two  molecules  are  isomorphous  and  all  gradations 
between  the  two  species  occur.  Isometric;  pyritohedral.  Usually 
massive,  granular.  Octahedral  cleavage.  H.  =  5.5-6.  G.  =  6.3- 
6.8.  Metallic  luster.  Color  tin-white.  Streak  black.  Fusible  at 
2-2.5.  Roasted  on  charcoal  give  a  volatile  coating  of  arsenious 
oxide  with  characteristic  garlic  odor.  In  borax  bead  in  0.  F.  give 
blue  color  (cobalt).  Rare  species,  occurring  with  other  cobalt  and 
nickel  minerals,  often  associated  with  silver  and  copper  ores. 

Cobaltite-Gersdorffite. 

Cobaltite  is  a  sulpharsenide  of  cobalt,  CoAsS;  gersdorffite  a 
sulpharsenide  of  nickel,  NiAsS.  The  two  molecules  are  isomor- 
phous with  each  other,  and  may  occur  together  in  varying  amounts. 
Usually,  however,  any  specimen  will  be  found  to  be  near  one  or  the 
other  ends  of  the  series.  Iron  is  frequently  present,  replacing  the 
cobalt  or  the  nickel,  and  sometimes  in  considerable  amount.  Iso- 
metric; pyritohedral.  Cobaltite  commonly  in  cubes,  P3rritohedron8 
and  octahedrons,  also  massive.  Gersdorffite  usually  massive.  Cubic 
cleavage.  H.  =  5.5-6.  G.  =  5.8-6.2.  Metallic  luster.  Color,  tin- 
white,  in  cobaltite  inclining  to  reddish  tone.  Streak  black.  Fusible 
2-3.  On  charcoal  give  a  volatile  white  sublimate  of  arsenious  oxide 
with  characteristic  garlic  odor.  In  O.  T.  give  volatile  crystalline 
sublimate  of  arsenious  oxide  with  odor  of  sulphur  dioxide.  In  0.  F. 
in  borax  bead  give  deep  blue  color  (cobalt) ;  if  gersdorffite  contains 
no  cobalt,  gives  brown  bead  (nickel).  Rare  minerals,  cobaltite 
being  the  commoner.  Found  associated  with .  other  cobalt  and 
nickel  minerals  and  with  silver  and  copper  ores.  Notable  occu^ 
rences  of  cobaltite  are  at  Tunaberg,  Sweden,  and  Cobalt,  Ontario, 
Canada. 

Sperrylite. 

A  platinum  arsenide,  PtAsa.  Isometric;  p3rritohedral.  Usually 
in  small  grains,  or  in  almost  microscopic  crystal  fragments.  H.« 
6-7.  G.  =  10.6.  Metallic  luster.  Tin-white  color.  Black  streak. 
Fusible  at  2.     Roasted  on  charcoal  gives  volatile  white  coating  of 
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ajtienious  oxide  with  characteristio  garlic  odor.  Roasted  in  O.  T., 
B.1i  first  very  gently,  a  platinum  sponge  is  left,  which  is  insoluble  in 
any  sii^le  acid.  A  v&y  rare  mineral  and  the  only  known  compound 
o£  platinum  occurring  in  nature.  Found  with  chalcopyril«  in  a 
Kold-quartz  vein  near  Sudbury,  Canada,  and  with  covellite  at  the 
Hambler  Mine,  Encampment,  Wyoming. 

2.  MABCASTTE  OBOUF.   ORTHOBHOUBIC. 

Marcasite.    White  Iron  Pyrites. 

Composition.  Iron  disulphide,  like  pyrite,  FeSi  =  Sulphur 
53.4,  iron  46.6. 

&7Kt»llixiktlDii.  Orthorhombic.  Crystals  commonly  tabular 
parallel  to  basal  plane,  showing  alao  short  prisma  and  low  brachy- 
domes  (Fig.  232).     The  brachydomes  usually  striated  parallel 


Fls.  133. 


to  the  brachy-axis.  Often  twinned,  giving  coxcomb  and  spear- 
shaped  groups  (F^.  233).  Closely  related  in  crystal  forms  and 
habit  to  arsenopyrite. 

Strustun.  Usually  in  radiating  forms.  Often  stalactitic, 
having  an  inner  core  with  radiating  structure  and  covered  on  the 
outside  with  irregular  crystal  groups.  Also  globular,  reniform, 
etc.     More  rarely  in  crystals. 

Phjrical  PropertieB.  H.  =  6-6.5.  G.  =  4.85-4.9.  Metallic 
luster.  Color  pale  yellow  to  almost  white,  yellow  to  brown  tar- 
nish.   Streak  grayish  black. 

TMta.  Fu«ble  (2.5-3)  to  a  magnetic  globule.  B.  B.  on  char- 
coal or  in  0.  T.  gives  odor  of  sulphur  dioxide.     Much  sulphur  in 
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C.  T.  When  fine  powder  is  treated  by  cold  nitric  sdd,  and  tba 
solutjon  allowed  to  stand  until  vigorous  action  ceases  and  tlm 
boiled,  the  mineral  is  deoompoeed  with  separation  of  BuliAn. 
Pyrite  treated  in  the  same  manner  would  have  been  imia^iigiAj 
dissolved.  Recognized  usually  by  its  pale  yellow  color,  ita  aj^ 
taJs  or  its  fibrous  structure. 

Occurrence.  Marcasite  ia  found  in  metalliferoua  vcinB,  freqnenfl; 
with  lead  and  zinc  ores.  Alfio  at  timea  in  Bedimentaiy  rcM^  U 
is  more  unstable  than  pyrite,  being  easily  decomposed,  and  m  not 
Dearly  as  common  in  its  occurrence.  Found  abundantly  in  dij 
near  Carlsbad  and  elsewhere  in  Bohemia;  hi  Tarioua  placei  in 
Saxony;  in  the  chalk  marl  of  Folkestone  and  Dover,  EnglaiHl;  witli 
zinc  and  lead  depoaite  of  Joplin,  Miaaouri,  and  of  Mineral  Point, 
Wiaconsiu. 

Hanw.    Derived  from  an  Arabic  word,  at  one  time  applied 
generally  to  pyrite. 
Use.    To  a  slight  extent  as  a  source  of  sulphuric  acid,  etc, 

Arsenopyrite.    Mispickel. 

Composition.  Sulpharsenide  of  iron,  FeAsS  -  Arsenic  46, 
Bulphur  19.7,  iron  34.3.  Sometimes  cobalt  replaces  a  part  of  th« 
iron  (danaile). 

CrystalliBation.  Orthoihombic.  Usually  in  tabular  diomond- 
ehaped  crystals,  formed  by  a  short  prism  terminated  by  low 
brachydomea.    The  brachydomes  are  usually  striated  parallel 


to  the  brachy-axis  {Fig.  234).    Twinned  at  times,  giving  stellate 
groups;   the  different  individuals  of  the  twin  graupe  being  <&■ 
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languished  from  each  other  by  the  du'ection  of  the  striations 
upon  them  (Pig.  235).  Agrees  closely  in  angles  and  crystal  habit 
with  marcasite. 

Structure.    In  crsrstals.    Massive,  granular  to  compact. 

Fhysleal  Propertiet.  H. »  5.5-6.  G. »  6-6.2.  Metallic  lus- 
ter.   Silver-white  color.    Black  streak. 

Tests.  Fusible  at  2  to  a  magnetic  globule.  B.  B.  on  charcoal 
^ves  a  volatile  coating  of  arsenious  oxide  and  a  characteristic 
garlic  odor.  In  O.  T.  gives  odor  of  sulphur  dioxide  and  a  volatile 
ring  of  arsenious  oxide.  In  C.  T.  gives  arsenic  mirror.  Recog- 
nized usually  by  its  silver-white  color,  its  crystals  and  a  test  for 
arsenic. 

Occurrence.  Arsenopyrite  is  the  most  common  mineral  contain- 
ing arsenic.  Found  in  veins  in  crjrstalline  rocks,  associated  with 
ores  of  tin,  silver,  lead  and  with  pyrite,  chalcopyrite,  sphalerite,  etc. 
Sometimes  it  is  auriferous  and  serves  as  a  gold  ore.  Occurs  in  quan- 
tity at  Freiberg  and  Munzig,  Saxony;  in  the  Harz  Mountains;  with 
tin  ores  in  Cornwall,  England;  in  various  places  in  Bolivia;  New 
South  Wales;  Deloro,  Canada,  where  it  is  mined  as  a  gold  ore;  Rox- 
buiy,  Connecticut,  etc. 

Use.  An  ore  of  arsenic.  Arsenious  oxide  is  used  in  the  manu- 
factiuie  of  glass,  as  a  poison  and  a  preservative.  Paris  green,  an 
arsenate  and  acetate  of  copper,  is  used  as  a  poison  and  a  pigment. 
Sidphides  of  arsenic  are  used  for  paints  and  fireworks. 

3.  SYLVANITE  GROUP. 
Sylvanite. 

Gomposition.  Telluride  of  gold  and  silver  (Au,Ag)Te2.  The 
ratio  of  the  amounts  of  gold  and  silver  varies  somewhat;  when 
Au  :  Ag  =  1  :  1  =  Tellurium  62.1,  gold  24.5,  silver  13.4. 

CryBtallization.    Monoclinic.    Distinct  crystals  rare. 

Structure.  Usually  bladed  or  granular.  Often  in  skeleton 
forms  deposited  on  rock  surfaces  and  resembling  writing  in 
appearance. 

Physical  Properties.  Perfect  cleavage  parallel  to  clinopina- 
coid.  H.  =  1.5-2.  G.  =  8-8.2.  Brilliant  metallic  luster.  Color 
silver-white.    Streak  gray. 
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Tests.  Easily  fusible  (1).  If  a  little  of  the  powdered  nuneral 
is  heated  in  concentrated  sulphuric  acid  the  solution  assumes  a 
deep  red  color  (tellurium).  When  decomposed  in  nitric  acid 
leaves  a  rusty-colored,  spongy  mass  of  gold,  and  the  solution 
with  hydrochloric  acid  gives  white  precipitate  of  silver  chloride. 
With  sodium  carbonate  on  charcoal  gives  a  globule  of  gold  and 
silver.  Determined,  by  above  tests,  by  its  silver  color  and  good 
cleavage. 

Occurrence:  A  rare  mineral,  found  with  gold  ores  at  Offenbinya 
and  Nagydg  in  Transylvania;  Kalgoorlie,  West  Australia;  Cripple 
Creek,  Colorado. 

Name.     Derived  from  Transylvania,  where  it  was  first  found. 
Use.    An  ore  of  gold. 

Calaverite. 

Composition.  Gold  telluride,  AuToa  =  Tellurium  55.97,  gold 
44.03.  Silver  usually  present  isomorphous  with  the  gold,  to  a 
small  extent. 

Crystallization.  Monoclinic.  Crystals  usually  developed 
parallel  to  the  ortho-axis  and  the  faces  of  the  orthodome  zone 
deeply  striated.  Terminated  at  the  ends  of  the  ortho-axis  with 
a  large  number  of  faces.  Crystallization  complicated.  Twin- 
ning frequent. 

Structure.    Usually  granular.    Distinct  crystals  rare. 

Phsrsical  Properties.  H.  =>  2.5.  G.  =  9.35.  Metallic  luster. 
Silver- white  color,  sometimes  with  yellowish  tarnish.  Streak 
gray. 

Tests.  Easily  fusible  (1).  If  a  little  of  the  powdered  mineral 
is  heated  in  concentrated  sulphuric  acid  the  solution  assumes  a 
deep  red  color  (tellurium).  When  decomposed  by  nitric  acid 
leaves  a  rusty-colored,  spongy  mass  of  gold,  and  on  addition  of 
hydrochloric  acid  gives  only  a  slight  precipitate  of  silver  chloride. 
Distinguished  from  sylvanite  by  small  amount  of  silver  present 
and  by  its  lack  of  a  cleavage. 

Occurrence.  Found  with  sylvanite  and  other  tellurides  in  the 
Cripple  Creek  District,  Colorado,  and  at  Kalgoorlie,  West  Australia. 
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me.    Found  originally  at  the  Stanislaus  Mine,  Calaveras 
ty,  California,  whence  name. 
B.    An  ore  of  gold. 

ber  rare  tellurides  belonging  to  this  group  are,  krennerite, 
^,  and  nagyagitej  a  sulpho-telluride  of  lead  and  gold. 


SULPHARSENITES,  ETC. 

e  minerals  in  this  division  are  considered  to  be  salts  of  the 
o-acids  of  trivaJent  arsenic,  antimony  and  bismuth.  Vari- 
ypes  of  these  acids  are  found,  such  as  HsAsSs,  H2ASS2, 
Sbj  etc.  A  subdivision  includes  the  sulpharsenates,  etc., 
;  chiefly  salts  of  the  acid  HsAsSi.  The  metals  observed  are 
commonly  copper,  silver  and  lead;  also  at  times  iron,  zinc 
nercury. 

Jamesonite.     Feather  Ore. 

mposition.     Sulphantimonite      of     lead,     Pb3Sb2S6     or 
..SbaSs  =  Sulphur  19.7,  antimony  29.5,  lead  50.8. 
jTBtallization.    Orthorhombic. 

iicture.  Usually  in  acicular  crystals  or  in  capillary  forms, 
fibrous  to  compact  massive. 

srsical  Properties.     Basal  cleavage.    Brittle.    H.  =  2-3. 
5.5-6.     MetaUic  luster.    Color  and  streak  steel-gray  to 
sh  black. 

st8.  Fusible  at  1.  On  charcoal  gives  a  combination  coat- 
f  lead  and  antimony  oxides.  Roasted  in  0.  T.  gives  sub- 
es  of  antimony  oxides.  Heated  on  charcoal  with  a  mixture 
tassium  iodide  and  sulphur  gives  a  chrome-yellow  coating 
id  iodide.  Recognized  by  above  tests  and  characteristic 
IS  structure.  Difficult  to  distinguish  from  similar  species 
)elow). 

siirrence.  Found  in  Cornwall,  England,  and  from  various 
ties  in  Hungary,  Saxony,  etc.;  from  Bolivia.  Noted  in  the 
d  States  from  Sevier  County,  Arkansas,  and  the  Montezuma 
.  Nevada. 
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Similar  Species.  There  are  a  number  of  minerals  similar 
to  jamesonite  in  composition  and  general  physical  charac- 
teristics whose  relations  to  each  other  in  many  cases  are  not 
thoroughly  understood.  These  include  such  minerals  as  zinken- 
ite,  PbS.SbaSs;  plagionite,  5PbS.4Sb2S3;  warrenite,  3PbS.2SbA; 
boidangerite,  SPbS.SbjSj;  meneghinite,  4PbS.Sb2Sa;  geocroniie^ 
5PbS.Sb2S,. 


Boumonite. 

Composition.  Sulphantimonite  of  lead  and  copper 
(Pb,Cu2)3Sb2S6  or  3(Pb,Cu2)S.Sb2S,.  The  relative  amounts  of 
the  lead  and  copper  present  vary,  but  in  general  correspond 
closely  to  the  ratio,  Pb  :  Cu2  =2:1. 

Crystallization.  Orthorhombic.  Crystals  usually  short  pris- 
matic to  tabular.    Sometimes  quite  complex  with  many  prism, 

pyramid  and  dome  faces.  Frequently 
twinned,  giving  tabular  crystals  with 
recurring  reentrant  angles  in  the  prism 
zone  (Fig.  236),  whence  the  common 
name  of  cogwheel  ore. 

Structure.      Massive;    granular  to 
compact;  in  crystals. 

Ph3rsical  Properties.  H.  «  2.5-3. 
G.  =  5.7-5.9.  Metallic  luster.  Color 
and  streak  steel-gray  to  black. 
Tests.  Fusible  at  1.  B.  B.  on  charcoal  gives  a  combination 
coating  of  antimony  and  lead  oxides.  Roasted  in  O.  T.  gives 
sublimates  of  antimony  oxides.  Heated  on  charcoal  jnth  a 
mixture  of  potassium  iodide  and  sulphur  gives  a  chrome-yellow 
coating  of  lead  iodide.  Decomposed  with  nitric  acid,  solution 
turns  blue  with  excess  of  ammonia  (copper).  Recognized  either 
by  characteristic  crystals  or  above  tests. 

Occurrence.  A  rare  mineral.  Found  at  Neudorf  and  other  locali- 
ties in  the  Harz  Mountains;  Kapnik  in  Hungary;  Liskeard  in  Corn- 
wall, etc.  Has  been  found,  also,  in  various  places  in  the  United 
States,  but  not  in  notable  amount  or  quality. 


Fig.  236. 
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Pyrargyrite.    Dark  Ruby  Silver. 

Compoflitioxi.  Sulphantimonite  of  silver,  AgtSbSt  or 
3Ag,S.Sb,Si  =  Sulphur  17.8,  antimony  22.3,  silver  59.8. 
Sometimes  contains  a  small  amount  of  arsenic.  Compare 
proustite. 

Crystallization.  Hexagonal-rhombohedral;  hemimorphic. 
Crystals  prismatic  with  rhombohedral  and  scalenohedral  termi- 
nations. Usually  distorted  and  often  with  complex  develop- 
ment.   Frequently  twinned. 

Structure.  In  crystals  or  massive;  compact;  in  disseminated 
grains. 

Physical  Properties.  Rhombohedral  cleavage.  H.  =>  2.5.  G. 
=  5.85.  Luster  adamantine.  Color  usually  dark  red  to  black, 
in  thin  splinters  deep  ruby-red.    Indian-red  streak. 

Tests.  Fusible  at  1.  On  charcoal  gives  dense  white  coating 
of  antimony  trioxide.  After  prolonged  heating,  coating  becomes 
tinged  with  a  reddish  color  near  assay  due  to  a  small  amount  of 
volatilized  silver.  Odor  of  sulphur  dioxide  and  coatings  of  anti- 
mony oxides  when  heated  in  0.  T.  Decomposed  by  nitric  acid 
and  solution  with  hydrochloric  acid  gives  white  precipitate 
of  silver  chloride.  Characterized  chiefly  by  its  dark  red  color 
and  streak. 

Occurrence.  A  rare  silver  mineral  associated  with  proustite, 
argentite,  galena,  calcite,  etc.  Found  in  the  silver  mines  at  Andreas- 
berg,  Harz  Mountains;  at  Freiberg,  Saxony;  Pribram,  Bohemia; 
in  Hungary;  Transylvania;  Norway;  in  Guanajuato,  Mexico;  at 
Chafiarcillo,  Chile.  Found  in  various  silver  veins  in  the  San  Juan 
Mountains  and  elsewhere  in  Colorado;  in  the  silver  districts  of 
Nevada,  New  Mexico,  etc. 

Name.    Derived  from  two  Greek  words  meaning  fire-silver. 
Use.    An  ore  of  silver. 

Proustite.     Light  Ruby  Silver. 

Composition.  Sulpharsenite  of  silver,  AgaAsSs  or  3Ag2S.Sb2S3 
=  Sulphur  19.4,  arsenic  15.2,  silver  65.4.  May  contain  a  small 
amount  of  antimony.    Compare  pyrargyrite. 
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Crystallization.  Hexagonal-rhombohedral;  hemimorphie. 
Crystals  commonly  with  prominent  steep  rhombohedrons  and 
scalenohedrons.  Often  distorted  and  frequently  complex  in 
development. 

Structure.  Commonly  massive,  compact,  in  disseminated 
grains. 

Physical  Properties.  Rhombohedral  cleavage.  H.  =  2-2.5. 
G.  =  5.55.  Adamantine  luster.  Color  ruby-red.  Transparent 
to  translucent.    Red  streak.    High  index  of  refraction. 

Tests.  Fusible  at  1.  Heated  on  charcoal  gives  volatile  sub- 
limate of  arsenious  oxide  with  characteristic  garlic  odor.  In  O.T. 
gives  odor  of  sulphur  dioxide  and  volatile  cryBtalline  sublimate 
of  arsenious  oxide.  In  C.  T.  gives  abundant  sublimate  of  arsenic 
sulphide,  reddish  black  when  hot,  reddish  yellow  when  cold. 
With  sodium  carbonate  on  charcoal  gives  a  globule  of  silver. 
Characterized  chiefly  by  its  ruby-red  color  and  streak  and  its 
brilliant  luster. 

Occurrence.  A  rare  mineral,  occurring  in  silver  veins  associated 
with  various  other  sulpharsenites  and  sulphantimonites.  Found  in 
the  silver  mines  of  Saxony;  Bohemia;  at  Chafiarcillo,  Chile,  in  fine 
crystals;  common  in  the  silver  mines  of  Peru  and  Mexico.  Found 
in  Colorado  in  the  silver  mines  of  the  San  Juan  Mountains  and  elfle- 
where;  in  various  silver  districts  in  Nevada,  etc. 

Use.    An  ore  of  silver. 


Tetrahedrite-Tennantite,     Gray  Copper.     Fahlore. 

Composition.  Tetrahedrite,  Cu8Sb2S7  or  4CuiS.SbjSi  =  Sul- 
phur 23.1,  antimony  24.8,  copper  52.1.  Tennantitey  Cu^AsiSt  or 
4CU2S.AS2S3  =  Sulphur  25.5,  arsenic  17.0,  copper  57.5.  Anti- 
mony and  arsenic  are  usually  both  present  and  the  two  species 
graduate  into  each  other,  so  that  no  sharp  line  can  be  drawn 
between  them.  The  copper  is  often  replaced  in  varying  amounts 
by  iron,  zinc,  silver,  mercury,  lead,  etc. 

Crystallization.  Isometric;  tetrahedral.  Habit  tetrahedral 
Tetrahedron  (Fig.  237),  tristetrahedron,  dodecahedron  and  cube 
the  common  forms. 
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iicture.    Frequently  in  crystals.    Also  massive,  coarse  or 

*anular. 

"sical  Properties.    H.  =  3-4.    G.  =  4.7-5.    Metallic  lus- 

ften  splendent.    Color  gra3dsh  black  to  black.    Streak 

t8.  Easily  fusible  at  1.5.  On  charcoal  or  in  O.  T.  gives 
for  antimony  or  arsenic,  or  both.  After  roasting,  and 
jning  with  hydrochloric  acid,  gives 
blue  flame.  Decomposed  by  nitric 
ith  separation  of  sulphur  and  anti- 
trioxide;  solution  made  alkaline 
anmionia  turns  blue.  The  two 
3  are  only  to  be  told  apart  by  test- 
>r  the  presence  of  antimony  and 
3,  and  as  both  are  often  present  in  Fi    237 

ne  specimen  a  quantatitive  analysis 
e  necessary  in  order  to  positively  determine  to  which  end 
series  it  belongs.    Recognized  by  its  tetrahedral  crystals, 
3n  massive  by  its  fine-grained  structure  and  by  its  gray 

uurence.  Found  in  metallic  veins  usually  associated  with 
pyrite,  pj^te,  sphalerite,  galena  and  various  other  silver,  lead 
pper  ores.  May  carry  sufficient  silver  to  become  an  important 
that  metal  (the  highly  argentiferous  variety  is  known  as 
fite).  Is  found  in  the  United  States  in  various  silver  and 
•  mines  in  Colorado,  Nevada,  Arizona,  etc.  Found  in  Corn- 
England;  the  Harz  Mountains,  Germany;  Freiberg,  Saxony; 
m  in  Bohemia;  various  places  in  Hungary;  in  the  silver  mines 
cico,  Chile,  Peru  and  Bolivia. 

.    An  ore  of  silver  and  copper. 

Stephanite. 

aposition.  Sulphantimonite  of  silver,  Ag5SbS4  or 
Sb2S3  =  Sulphur  16.3,  antimony  15.2,  silver  68.5. 
stallization.  Orthorhombic.  Crystals  usually  short  pris- 
and  tabular  parallel  to  the  base.  Edges  of  crystals  trun- 
by  various  pyramids.  Prism  zone  usually  shows  the  four 
faces  and  the  two  of  the  brachypinacoid,  all  making 
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nearly  60**  angles  with  each  other  and  so  givmg  the  crystals  a 
hexagonal  aspect.  Also  twinned  in  pseudohexagonal  crystak 
Crystals  usually  small. 

Structure.     Massive,  in  disseminated  grains;  crystallized. 

Physical  Properties.  H.  =  2-2.5.  G.  =  6.2-6.3.  MetaUic 
luster.    Color  and  streak  iron-black. 

Tests.  Fusible  at  1.  B.  B.  on  charcoal  gives  dense  white 
sublimate  of  antimony  trioxide  and  odor  of'  sulphur  dikxide. 
Decomposed  by  nitric  acid,  and  if  after  filtering  a  little  Jiydro- 
chloric  acid  is  added  to  filtrate,  it  gives  a  white  precipitate  of 
silver  chloride.  Recognized  by  its  stout  hexagonal  crystals 
and  the  above  tests. 

Occurrence.  A  rare  silver  mineral.  Found  associated  with  other 
sulphantimonites  of  silver,  etc.  Occurs  at  Freiberg  and  other  locali- 
ties in  Saxony;  in  Bohemia  and  Hungary;  at  Guanajuato  and  Arizpe, 
Sonera,  etc.,  Mexico;  in  Peru  and  Chile.  In  the  United  States  was 
an  abundant  ore  at  the  Comstock  Lode  and  other  silver  deposits  in 
Nevada. 

Use.     An  ore  of  silver. 

Polybasite. 

Composition.  Sulphantimonite  of  silver,  AggSbSi  or 
9Ag2S.Sb2S3  =  Sulphur  15,  antimony  9.4,  silver  75.6.  Copper  re- 
places a  part  of  the  silver  and  arsenic  replaces  the  antimony. 

Crystallization.  Monoclinic.  Crystals  are  pseudorhombohe- 
dral  in  symmetry,  occurring  in  short  hexagonal  prisms,  often  thin 
tabular.     Basal  planes  show  triangular  markings. 

Structure.     In  crystals.    Granular. 

Physical  Properties.  H.  =  2-3.  G.  =  6-6.2.  Metallic  lus- 
ter.   Color  steel-gray  to  iron-black.    Streak  black. 

Tests.  Fusible  at  1.  B.  B.  on  charcoal  gives  dense  white 
coating  of  antimony  trioxide  with  odor  of  sulphur  dioxide.  After 
decomposition  by  nitric  acid,  the  filtrate  with  hydrochloric  acid 
gives  white  precipitate  of  silver  chloride.  To  be  distinguished 
from  other  similar  species  chiefly  by  its  crystals. 

Occurrence.  A  comparatively  rare  silver  mineral,  associated  with 
other  sulphantimonides  of  silver  and  with  silver  ores  in  general 
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id  in  the  silver  mines  of  Mexico,  Chile,  Saxony  and  Bohemia, 
id  in  the  United  States  at  the  Comstock  Lode,  Nevada;  near 
ly,  Colorado,  etc. 

ime.    Name  is  in  allusion  to  the  many  bases  contained  in  the 

3ral. 

le.    An  ore  of  silver. 

Eaargite. 

Dxnposition.    Sulpharsenate     of      copper,      CmAsS4     or 

iS-AssSfi  =  Sulphur  32.6,  arsenic  19.1,  copper  48.3.     Anti- 

y  may  replace  in  part  the  arsenic,  and  the  species  graduate 

iid  famatinite  (3Cu2S.Sb2S8). 

rystallization.      Orthorhombic.       Prismatic  crystals  with 

n  zone  vertically  striated. 

Tucture.    Columnar,  bladed,  massive. 

tiysical  Properties.    Perfect  prismatic  cleavage.     H.  =  3. 

'  4.43-4.45.     Metallic  luster.    Color  and  streak  grayish 

k  to  iron-black. 

B8t8.    Easily  fusible  (1).    B.  B.  on  charcoal  gives  volatile 

/e  sublimate  of  arsenious  oxide  and  characteristic  garlic  odor. 

).  T.  gives  white  crystalline  sublimate  of  arsenious  oxide  and 

'  of  sulphur  dioxide.    Roasted  on  charcoal,  then  moistened 

.  hydrochloric  acid  and  again  ignited,  gives  azure-blue  flame. 

racterized  by  its  color,  its  cleavage  and  the  above  tests. 

scurrence.  A  comparatively  rare  mineral,  found  associated  with 
p  copper  minerals,  as  chalcocite,  bomite,  tennantite,  etc.  Found 
idantly  at  Morococha,  Peru;  also  in  the  United  States  of  Col- 
ia;  Argentine  Republic;  island  of  Luzon,  Philippines.  Found 
>nsiderable  quantity  with  the  copper  ores  at  Butte,  Montana. 
ITS  in  the  silver  mines  of  the  San  Juan  Mountains,  Colorado. 

se.  An  ore  of  copper.  Arsenic  oxide  also  obtained  from  it 
►utte,  Mont. 

CHLORIDES,   ETC. 

iie  chlorides  with  the  related  bromides,  iodides  and  fluorides 
grouped  into  the  following  divisions:  (1)  Anhy(^rous  Chlor- 
etc.;   {2)  Oxychhrides^  eia.)   (3)  Hydrous  Chlorides,  etc. 


a 


a 


a 
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1.  ANHYDROUS  CHLORIDES,  ETC. 

HALITE  GROUP. 

The  Halite  Group  includes  the  isometric  minerals  halite^  NaCl; 
syltdte,  KCl;  cerargyrite,  AgCl;  embolUe,  Ag(Cl,Br);  bromyrikf 
AgBr. 

Halite.    Common  Salt. 

Composition.  Sodium  chloride,  NaCl  »  Chlorine  60.6,  so- 
dium 39.4.  Commonly  contains  impurities,  such  as  calcium 
sulphate  and  calcium  and  magnesium  chlorides. 

Crystallization.    Isometric.    Habit  cubic 
(Fig.  238).    Other  forms  very  rare. 

Structure.   In  crystals  or  granular  crystal- 
line,  in  masses  showing  cubical  cleavage, 
known  as  rock  salt.    Also  massive,  granular 
to  compact. 
Phsrsical  Properties.   Perfect  cubic  deav- 
^"''^^^'  age.    H.  =  2.5.    G.  =  2.1-2.6.    Transparent 

to  translucent.  Colorless  or  white,  or  when  impure  may  have 
shades  of  yellow,  red,  blue,  purple.  Readily  soluble  in  water. 
Salty  taste.    Diathermous. 

Tests.  Easily  fusible  at  1.5,  giving  strong  yellow  flame  of 
sodium.  After  intense  ignition  B.  B.  residue  gives  alkaline  re- 
action to  moistened  test  paper.  Readily  soluble  in  water; 
solution  made  acid  with  nitric  acid  gives  with  silver  nitrate  a 
heavy  white  precipitate  of  silver  chloride.  Salty  taste.  Dis- 
tinguished from  sylvite  (KCl)  by  its  yellow  flame  color  and  by 
the  latter  having  a  somewhat  more  bitter  taste. 

Occurrence.  A  common  and  widely  disseminated  mineral,  oc- 
curring often  in  extensive  beds  and  irregular  masses,  interstraitified 
in  rocks  of  all  ages,  in  such  a  manner  as  to  form  a  true  rock  maff. 
Associated  with  Rjrpsum,  sylvite,  anhydrite,  calcite,  clay,  sand,  et«. 
Occurs  also  dissolved  in  the  waters  of  salt  springs,  salt  seas  and  the 
ocean. 

The  deposits  of  salt  have  been  formed  by  the  gradual  evaporatioo 
and  ultimate  drying  up  of  inclosed  bodies  of  salt  water.    The  salt 
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ds  formed  in  this  way  have  subsequently  been  covered  by  other 
iimentary  dei>osit8  and  gradually  buried  beneath  the  rock  strata 
nned  from  them.  The  salt  beds  range  from  a  few  feet  up  to  one 
indred  in  thickness  and  have  been  found  at  depths  of  two  thousand 
«t  and  more  from  the  surface.  The  history  of  the  formation  of 
lese  salt  beds  is  as  follows:  River  waters  contain  a  small  but 
ppreciable  amount  of  various  soluble  salts.  When  these  waters 
re  collected  in  a  sea  which  has  no  outlet,  or  in  other  words,  a  sea 
rhere  the  evaporation  equals  or  exceeds  the  amount  of  water  flowing 
Q,  there  is  a  gradual  concentration  in  the  sea  of  the  salts  brought 
nto  it  by  the  rivers.  The  sea  water,  therefore,  in  time  becomes 
leavily  charged  with  soluble  salts,  particularly  sodium  chloride. 
Wlien  the  points  of  concentration  of  the  various  salts  held  in  solu- 
tion are  reached,  they  will  be  deposited  progressively  upon  the  sea 
bottom,  conmiencing  with  the  most  insoluble.  This  process  may 
continue  for  a  long  period  of  time  and  ultimately  a  thick  layer  of 
salt  and  other  soluble  minerals  be  formed  on  the  bottom.  The 
process  may  be  interrupted  by  seasons  of  flood  in  which  the  sea 
water  becomes  freshened  beyond  the  concentration  point.  Silt 
materials  may  be  brought  in  at  such  times  and  deposited  upon  the 
bottom  and  so  form  beds  of  clay  alternating  with  those  of  salt. 
Such  deposits  of  salt  have  been  formed  whenever  favorable  condi- 
tions occurred,  and  are  now  to  be  found  buried  in  rock  strata  of  all 
ages.  At  the  present  time  similar  deposits  are  being  formed  in  the 
Great  Salt  Lake  and  the  Dead  Sea. 

In  the  United  States  salt  is  produced,  on  a  commercial  scale,  in 
some  fifteen  states,  either  from  rock-salt  deposits,  or  by  evaporation 
of  salt  lake  or  sea  waters.  Beds  of  rock  salt  are  found  in  New  York 
State  from  the  Oatka  Valley  in  Wyoming  County  east  to  Morrisville, 
Madison  County,  and  south  of  this  line  wherever  wells  have  been 
driven  deep  enough  to  reach  the  beds.  The  important  producing 
localities  are  near  Syracuse,  Ithaca,  Watkins  and  Ludlowville,  and 
at  various  places  in  Wyoming,  Genesee  and  Livingston  counties. 
Extensive  deposits  of  salt  occur  in  Michigan,  chiefly  in  Saginaw, 
Bay,  Midland,  Isabella,  Detroit,  Wayne,  Manistee,  and  Mason 
counties.  Notable  deposits  are  also  found  in  Ohio,  Kansas,  Louisi- 
ana. Salt  is  obtained  by  the  evaporation  of  saline  waters  in  Cali- 
fornia, Utah  and  Texas. 

Important  foreign  localities  for  the  production  of  salt  are  to  be 
found  in  Austrian  Poland,  Hungary,  Bavaria,  Prussia,  Spain  and 
Great  Britain. 

Use.  The  chief  uses  of  salt  are  for  culinary  and  preserva- 
tive purposes.  It  is  used  also  in  the  manufacture  of  soda  ash 
(sodium  carbonate),  which  is  used  in  glass  making,  soap  making, 
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bleaching,  etc.,  and  in  the  preparation  of  sodium  salts  in  general 
Salt  is  used  also  in  the  extraction  of  gold  by  the  chlorinatioD 
process. 

Sylvite. 

Composition.  Potassium  chloride,  KCl  =  Chlorine  47.6,  po- 
tassium 52.4.    Sometimes  contains  sodium  chloride. 

Crystallization.    Isometric.     Cube  and  oc- 
y^y      ^^^^j\    tahedron  frequently  in  combination  (Fig.  239). 

Structure.    Usually  in  granular  crystalline 
masses  showing  cubic  cleavage;  compact. 

Physical  Properties.  Perfect  cubical  cleav- 
age. H.  =  2.  G.  =  1.9.  Transparent  when 
pure.  Colorless  or  white;  also  shades  of  blue, 
yellow  or  red  from  impurities.  Readily  soluble  in  water.  Salty 
taste  but  more  bitter  than  in  the  case  of  halite. 

Tests.  Easily  fusible  at  1.5,  giving  violet  flame  of  potassium, 
which  may  be  obscured  by  yellow  flame  due  to  sodium  present. 
The  yellow  sodium  flame  may  be  filtered  out  by  use  of  a  blue 
glass,  and  the  violet  of  the  potassium  rendered  visible.  After 
intense  ignition,  residue  gives  alkaline  reaction  on  moistened 
test  paper.  Readily  soluble  in  water;  solution  made  acid  with 
nitric  acid  gives  with  silver  nitrate  a  heavy  precipitate  of  silver 
chloride.  Distinguished  from  halite  by  the  violet  flame  color  of 
potassium  and  its  slightly  bitter  taste. 

Occurrence.  Has  the  same  origin,  mode  of  occurrence  and  asso- 
ciations as  halite  (which  see)  but  is  much  more  rare.  Found  in 
some  quantity  and  at  times  well  crystallized  in  connection  with  the 
salt  deposits  at  Stassfurt,  Prussia. 

Name.  Potassium  chloride  is  the  sal  digesiivus  Sylvii  of  early 
chemistry,  whence  the  name  for  the  species. 

Use.  One  source  of  potassium  compounds  which  are  exten- 
sively used  as  fertilizers.  Other  potassium  minerals  that  are 
found  in  Germany  in  sufficient  amount  to  make  them  valuable 
as  sources  of  potassium  salts  are,  camaUite^  KCl.MgCl2.6H2O 
(see  page  173);  kainite,  MgS04.KC1.3H,0;  polyhdUe, 
K2SO4.MgSO4.2CaSO4.2H2O. 
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Cerargyrite.    Horn  Silver. 

>]npositio]i.    Silver  chloride,  AgCl  »  Silver  75.3,  chlorine 

Some  varieties  contain  mercury. 
rystallization.    Isometric.    Habit  cubic. 
aructure.    Usually  massive,  resembling  wax;  often  in  plates 
crusts. 

tiysical  Properties.  H.  =  2-3.  G.  =  5.8-6.  Sectile,  can  be 
with  a  knife  like  horn.  Transparent  to  translucent.  Color 
1-gray  to  colorless.  Rapidly  darkens  to  violet-brown  on 
)sure  to  light. 

Mits.  Very  easily  fusible  at  1.  B.  B.  on  charcoal  gives  a 
ule  of  silver.  Insoluble  in  nitric  acid,  but  slowly  soluble 
nmionium  hydroxide.  When  heated  with  galena  in  C.  T. 
s  a  white  sublimate  of  lead  chloride.  Distinguished  chiefly 
bs  homy  or  waxlike  appearance  and  its  sectility. 

BCUrrence.  Cerargyrite  is  an  important  secondary  ore  of  silver. 
only  to  be  found  in  the  upper,  enriched  zone  of  silver  veins  where 
ending  waters  containing  small  amounts  of  chlorine  have  acted 
1  the  oxidized  products  of  the  primary  silver  ores  of  the  vein, 
ad  associated  with  other  silver  ores,  galena,  etc. ;  with  native  sil- 
cerussite  and  secondary  minerals  in  general.  Was  an  important 
iral  in  the  mines  at  Leadville  and  elsewhere  in  Colorado,  at  the 
istock  Lode  in  Nevada,  in  crystals  at  the  Poorman^s  Lode  in 
lo.  Notable  amounts  have  been  found  in  Peru,  Chile  and 
ico,  and  in  the  silver  mines  of  Saxony. 

azne.     Cerargyrite  is  derived  from  two  Greek  words  mean- 
hom  and  siZver,  in  allusion  to  its  hornlike  appearance  and 
acteristics. 
Silver  ore. 


Embolite. 

Dmposition,  Ag(Cl,Br).  Crystallization,  structure  and  physical 
lerties,  like  those  of  cerargyrite  (which  see).  Tests,  same  as  for 
rgyrite,  except  that,  when  heated  in  C.  T.  with  galena,  it  gives 
id  bromide  sublimate,  which  is  yellow  when  hot  and  white  when 
Occurrence,  same  as  for  cerargyrite,  with  which  it  is  usually 
d,  but  much  rarer. 
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Other  aimilar  eilver  compounds  which  are  still  ranr  in  thi  | 
occurreaee  are,  bromyrUe,  AgBr;  utdobromiie,  Ag(Cl^r,I);  ioir 
rite,  Agl. 


Fluorite,     Fluor  Spar. 
Composition.     Calcium  fluoride,  CaF,  =  Fluorine  43,9,  a^ 
cium  51.]. 

Crystallisation.  Isometric.  Habit  cubic  (Fig.  240)  oltecii 
twinned  cubes  (Figs.  241  and  242).  Other  forma  are  rare,  to 
examples  of  all  the  forma  of  the  NonW 
Class  have  been  observed;  the  tetrahen 
hedron  (Fig.  243)  and  hexoctafaedroD  (f^ 
244)  are  characteristic. 

Structure.      Usually  cryatallized.    Al 

massive;  coarse  or  fine  granular,  coliimM 

FhyBical  Properties.     Perfect  octahedi 

^«-="-  cleavage.    H.  =  4.    G.  -  3.18.    Transp! 

ont  to  siiljtranslucent.    Vitreous  luster.    Color  widely  variw 

niost  commonly  light  green,  yellow,  bluiah  green  or  purple,  > 


colorless,  white,  rose,  blue,  brown.  A  single  crystal  may  ri 
varying  bands  of  color;  the  massive  variety  is  also  often  ban 
in  color.  The  bluish  green  varieties  often  show  fluoresce 
(green  liy  transmitted  light,  blue  by  reflected  light).  & 
varieties  phosphoresce  when  heated,  giving  off  variously  colt 
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Its  which  are  independent  of  the  actual  color  of  the  Bpecimen. 
3  variety  affording  a  green  light  ia  known  as  chtorophane. 
I^nti.    Fusible  at  3,  and  residue  ^ves  alkaline  reaction  to 
istened  test  paper.    Gives  a  reddish  dame  (calcium).     When 
<«!  with  potassium  bisulphate  and  heated  in  C  T.,  hydru- 


Pig.  243.  Fig.  214. 

rio  acid  ia  evolved  which  etches  the  glass,  and  a  white  deposit 
iiica  forms  upon  the  walls  of  the  tube.  Determined  usually 
ts  cubic  crystals  and  octahedral  cleavage,  also  vitreous  luster 
usually  5ne  coloring,  and  by  the  fact  that  it  can  be  scratched 

;currence.  A  common  and  widely  distributed  mineral.  Ueually 
d  either  in  veins  in  which  it  is  tiie  chief  mineral  or  aa  a  gangue 
Tal  with  metaliio  ores,  especially  those  of  lead  and  tin.  Com- 
in  dolomites  and  limestone  and  has  been  observed  also  as  a 
ir  accessory  mineral  in  varbus  igneous  rocks.  Associated  with 
y  different  minerals,  as  calcite,  dolomite,  gypsum,  eelestite, 
e,   quartiB,   galena,   sphalerite,   cassiterite,   topaz,    tourmaline, 

[e  more  important  deposits  in  the  United  States  are  in  southern 
)i8  near  Rosiclare,  and  in  the  adjacent  part  of  Kentucky.  The 
itfl  occurs  here  in  limestone,  in  fissure  veins  which  at  times 
me  40  feet  in  width.  Flviorite  is  found  in  quantity  in  England, 
ly  from  Cumberland,  Derbyshire  and  Durham;  the  first  two 
iUes  being  famous  for  their  magnificent  crystallized  specimens, 
id  commonly  in  the  mines  of  Saxony. 

«.  Fluorite  is  used  mainly  as  a  flux  in  the  making  of  steel, 
le  manufacture  of  opalescent  glass,  in  enameling  cooking 
jDs,  for  the  preparation  of  hydrofluoric  acid,  and  oecaaiooally 
1  ornamental  material  in  the  form  of  vases,  dishes,  etc. 
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Cryolite. 

Composition.  A  fluoride  of  sodium  and  aluminium,  Nfki^« 
=  Muorine  54.4,  aluminium  12.8,  sodium  32.8. 

Crystallization.  Monoclinic.  Prominent  forms  are  prisft 
and  base.  Crystals  rare,  usually  cubic  in  aspect,  and  in  paraM 
groupings  growing  out  of  massive  material. 

Structure.     Usually  massive. 

Physical  Properties.     H.  =  2.5.     G.  =  2.95-3.    Vitreous  to 
gr(;asy  luster.     Colorless  to  snow-white.    Transparent  to  tranS" 
lucent.    A  low  index  of  refraction,  giving  the  mineral  an  appear- , 
ancc  of  watery  snow  or  of  paraffin.    Powdered  mineral  alnwfit 
(lisaj)pear8  when  immersed  in  water. 

Tests.  Easily  fusible  (1.5),  with  strong  yellow  sodium  flame. 
Aft(;r  intense  ignition,  residue  gives  alkaline  reaction  on  moisk- 
(jikkI  test  paper.  Fused  in  C.  T.  with  potassium  bisulphate, 
evolves  hydrofluoric  acid  and  gives  a  volatile  white  ring  rf 
Hili(;a.  Characterized  by  its  massive  structure,  white  color  and 
p(K;uliar  luster. 

Occurrence.  Occurs  in  a  large  vein  lying  in  granite  at  Aitauk- 
fiord  on  the  w(^8t  coast  of  Greenland.  The  following  minerals  are 
found  in  small  amounts  associated  with  the  cryolite:  quartz,  siderite, 
gahma,  splialerite,  pyrite,  chalcopyrite,  wolframite,  fluorite,  casnt- 
vv\U%  molybdenite,  arsenopyrite,  columbite.  Found  also  in  very 
Hrnall  amounts  at  Miask,  llinen  Mountains,  Siberia,  and  at  foot  d 
Pike's  Peak,  Colorado. 

Name.  Name  is  derived  from  two  Greek  words  meaning /ro«< 
and  Hloney  in  allusion  to  its  icy  appearance. 

Use.  It  is  used  for  the  manufacture  of  sodium  salts,  of  certain 
kinds  of  glass  and  porcelain,  and  as  a  flux  in  the  electrolytic 
proc(^S8  for  the  production  of  aluminium. 

2.  OXYCHLORIDES,  ETC. 

Atacamite. 

Composition.  Copper  chloride  with  copper  hydroxide, 
CuCla.3Cu(OH)2  =  Chlorine  16.6,  copper  14.9,  cupric  oxide  55.8. 
water  12.7. 
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■ygtaUization.      Orthorhombic.     Commonly  slender  pris- 

c  in  habit,  with  vertical  striations.    Also  tabular  parallel 

achypinacoid. 

nicture.    In  confused  crystalline  aggr^ates;  fibrous;  gran- 

Assand. 
lysical  Properties.     Cleavage  perfect  parallel  to  brachy- 
:oid.    H.=  3-3.5.    G.=  3.75-3.77.     Adamantine  to  vitre- 
luster.    Color  various  shades  of  green.    Transparent  to 
lucent. 

rts.  Fusible  (3-4),  giving  an  aziwe-blue  flame  of  copper 
de.  B.  B.  on  charcoal  with  sodium  carbonate  gives  globule 
)per.  Nitric  acid  solution  with  silver  nitrate  gives  white 
dtate  of  silver  chloride;  with  ammonia  in  excess  gives  blue 
}n.  Gives  acid  water  in  C.  T.  Characterized  by  its 
color  and  granular  crystalline  structure.  Distinguished 
nalachite  by  its  lack  of  effervescence  in  acids. 

urrence.  A  comparatively  rare  copper  mineral.  Found 
illy  as  sand  in  the  province  of  Atacama  in  Chile.  Occurs  with 
jopper  ores  in  various  localities  in  Chile  and  Bolivia.  Found 
e  of  the  copper  districts  of  Australia;  occurs  sparingly  in  the 
districts  of  Arizona. 

.    A  minor  ore  of  copper. 

3.  HYDROUS  CHLORIDES,  ETC 

Camallite. 

ydrous  chloride  of  potassium  and  magnesium,  KCI.MgClj. 
Orthorhombic.  Massive,  granular.  Crystals  rare.  Lus- 
nmetallic,  shining,  greasy.  Color  milk-white,  often  reddish, 
)  included  hematite.  Transparent  to  translucent.  H.  =  1. 
.6.  Bitter  taste.  Deliquescent.  Fusible  at  1-1.5  with  vio- 
me.  After  ignition  gives  an  alkaline  reaction  on  moistened 
iper.  Easily  and  completely  soluble  in  water;  on  addition  of 
acid  and  silver  nitrate  gives  a  white  precipitate  of  silver 
ie.  Acid  solution  neutralized  with  ammonia  and  sodium 
late  added  gives  a  white  precipitate  of  ammonium  magnesium 
late.  Found  associated  with  halite,  sylvite,  etc.,  in  the  salt 
ts  at  Stassfurt,  Prussia.  Used  as  a  source  of  potassium 
unds. 
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The  oxides  are  subdivided  into  three  sectiooB:  (1)  Oxidai^ 
Silicon;    (2)  Oxides  of  the  Semimelals;   (3)  Oxuka  of  the  Jrfetaii. 

1.  OXIDES  OF  SILICON. 
Quartz. 

Compoiitioii.  Silicon  dioxide,  SiOt  =  Oxygen  53.3,  mlicon 
46.7.     Often  with  various  impurities. 

CiyBtalliEatlaii.  Hexagonal-rhombohedral;  trapezobedraL 
Crystals  commonly  prismatic,  with  priam  faces  horiwntally 
striated.  Terminated  usually  by  a  combination  of  a  positive 
and  negative  rhombohedron,  which  often  are  so  equally  devd- 
oped  as  to  give  the  effect  of  a  hexagonal  pyramid  (F^.  245). 


Sometimes  one  rhombohedron  predominatea  or  occurs  alone 
(Fig.  246).  At  times  the  prism  faces  are  wantii^,  and  the  com- 
bination of  the  two  rhombohedrona  gives  what  appears  to  be  a 
doubly  terminated  hexagonal  pyramid  (kuown  as  a  quartzoid] 
(Fig.  247).  Crystals  at  times  very  much  distorted,  when  the 
recognition  of  the  prism  faces  by  their  horizontal  striations  will 
assist  in  the  orientation  of  the  crystal.  The  trapezohedral  faces 
are  to  be  occasionally  observed  as  small  truncations  between  a 
prism  face  and  that  of  an  adjoining  rhombohedron  either  to  the 
right  or  left,  forming  what  are  known  as  right-  or  left^haoded 
crystals  (Figa.  248  and  249).  Crystals  are  often  elongated  in 
tapering  and  sharply  pointed  forms,  due  to  an  oscillatory  com- 
bination between  the  faces  of  the  different  rhombohedroDB  and 


-those  oi  the  prism  (A,  PI.  VI).    Sometimes  twisted  and  bent, 
Crystala  frequently  twinned.    The  twins  at  times  are  so  inti- 


Fis-  Z4S.    Richt-huded  CijvUl. 


Left-buded  CcyiU). 


mately  intergrown  that  they  can  only  be  determined  by  the 
irregular  position  of  the  trapezohedral  faces,  by  etching  the 
crystal  or  by  the  pjToelectric  phenomena  that  they  show. 

Structure.  Commonly  in  crystals.  From  large  crystals 
usually  attached  at  one  end,  to  finely  crystalline  coatings,  form- 
ii^  "drusy"  surfaces.  Also  common  in  massive  forms  of  great 
variety.  From  coarse-  to  finegrained  crystalline  to  flintlike  or 
cryptocrystalline  varieties.  Sometimes  in  concretionary  forms, 
mammillary,  etc.     As  sand. 

PhyBical  PropertieB.  H.=  7.  G.=  2.65-2.66.  Vitreous  lus- 
ter, sometimes  greasy,  splendent  to  nearly  dull.  Color  widely 
various.  Usually  colorless  or  white,  but  frequently  colored  by 
various  impurities,  yellow,  red,  pink,  amethyst,  green,  blue, 
brown,  black.     Transparent  to  opaque.    Concholdal  fracture. 

T«sts.  Infusible.  Insoluble.  Yields  a  clear  glass  when  the 
finely  powdered  mineral  is  fused  with  an  equal  volume  of  sodium 
carbonate.  Usually  told  by  its  glassy  luster,  conehoidal  fracture, 
hardness  (7)  and  crystal  fonn. 

Tarffltiefl.  A  great  many  different  forms  of  quartz  exist  to 
which  varietal  names  have  been  given.  The  more  important 
varieties  with  a  brief  description  of  each  follow. 


A.  CRYSTALLINE   VARIETIES. 
1.   Rock   Cryetal.      Colorless  quartz,    commonly   in  distinct 
crystals. 
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2.  Amethyst    Quartz  colored  purple  or  violet,  often  crys- 
tallized. 

3.  Rose  Quartz,  Usually  massive,  color  a  rose-red  or  pink. 
Often  fades  somewhat  on  exposure  to  light. 

4.  Smoky  Quartz;  Cairngorm  Stone,  Crystallized  quartz  of  a 
smoky  yellow  to  brown  and  almost  black  color.  Named  cairn- 
gorm from  the  locality  of  Cairngorm  in  Scotland. 

5.  Milky  Quartz.  Milky  white  in  color  and  nearly  opaque. 
Sometimes  with  greasy  luster. 

6.  CaVs-eye.  A  stone,  which  when  cut  in  a  round  shape  (en 
cabochon)  exhibits  an  opalescent  or  chatoyant  effect,  as  it  is 
termed,  is  called  a  cat's-eye.  Quartz  among  other  minerals  ^ves 
at  times  this  effect,  which  is  due  either  to  fibrous  inclusions  or 
to  a  fibrous  structure  of  the  quartz  itself.  The  latter  is  seen  in 
the  tiger's-eye,  a  yellow  fibrous  quartz  from  South  Africa,  which 
is  pseudomorphic  after  another  fibrous  mineral,  crocidolite. 

7.  With  Inclu>sions.  Many  other  minerals  occur  at  times  as 
inclusions  in  quartz.  Ruiilated  quartz  has  fine  needles  of  rutile 
penetrating  it.  Tourmaline  and  other  minerals  are  found  in 
quartz  in  the  same  way.  Aventurine  is  quartz  including  brilliant 
scales  of  hematite  or  mica.  Liquids  and  gases  at  times  occur 
as  inclusions;  both  liquid  and  gaseous  carbon  dioxide  exist  in 
some  quartz. 

B.    CRYPTOCRYSTALLINE  VARIETIES. 

1.  Chalcedony.  An  amorphous  quartz  material,  translucent 
with  a  waxy  luster.  White,  yellowish  brown  to  dark-brown  in 
color.  Often  mammillary,  stalactitic,  etc.,  in  sla-ucture.  De- 
posited from  aqueous  solutions  and  found  lining  or  filling  cavities 
in  rocks  (see  Fig.  B,  pi.  III). 

2.  Camelian.    A  red  chalcedony. 

3.  Chrysoprase.    An  apple-green  chalcedony. 

4.  Agate.  A  variegated  chalcedony.  The  different  colors 
usually  in  delicate,  fine  parallel  bands  which  are  conmionly 
curved,  sometimes  concentric  (Fig.  B,  pi.  VI).  The  color  is 
sometimes  strengthened  or  even  changed  by  artificial  means. 
Some  agates  have  the  di£ferent  colors  arranged  not  in  bands  but 
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ilarly  distributed.  Moss  agate  is  a  variety  in  which  the 
tion  in  color  is  due  to  visible  impurities,  often  manganese 

• 

Onyx.  A  banded  chalcedony  like  agate,  except  the  bands 
rranged  in  straight  parallel  lines. 

Flint.    Something  like  chalcedony  but  of  dull,  often  dark 
.    It  breaks  with  a  prominent  conchoidal  fracture  and  gives 
irp  edge.    Used  for  various  implements  by  early  man. 
Jasper.    Opaque  quartz,  usually  colored  red  from  hematite 
sions. 

€urrence.  Quartz  is  the  most  common  of  minerals.  Occurs 
1  important  constituent  of  the  acid  igneous  rocks,  such  as 
te,  rhyoHte,  pegmatite,  etc.  It  is  a  common  mineral  of  sedi- 
ary  rocks,  forming  the  chief  mineral  in  sandstone.  Occurs 
ly  also  in  metamorphic  rocks,  as  gneisses  and  schists,  while  it 
i  practically  the  only  mineral  of  quartzites.  Deposited  often 
solution  and  forms  the  most  common  vein  and  gangue  mineral, 
•cks  it  is  associated  chiefly  with  feldspar  and  muscovite;    in 

with  practically  the  entire  range  of  vein  minerals.  Often 
js  gold  and  becomes  an  important  ore  of  that  metal.  Occurs 
ge  amount  as  sand  in  stream  beds  and  upon  the  seashore  and 
constituent  of  soils. 

ck  crystal  is  found  widely  distributed,  some  of  the  more  notable 
ties  being:  the  Alps;  Minas  Geraes  and  Goyoz,  Brazil;  on  the 
I  of  Madagascar;  in  Japan.  The  best  quartz  crystals  from  the 
d  States  are  found  at  Hot  Springs,  Arkansas,  and  Little  Falls, 
York.  Important  occurrences  of  amethyst  are  located  in  the 
Mountains  and  in  Brazil.     Found  at  Thunder  Bay  on  the  north 

of  Lake  Superior  and  in  the  United  States  in  Oxford 
ty,  Maine;  Delaware  and  Chester  counties,  Pennsylvania; 
:  Hills,  South  Dakota,  etc.  Smoky  quartz  is  found  in  large  and 
rystals  in  Canton  Uri,  Switzerland;  at  Pike's  Peak,  Colorado; 
nder  County,  North  Carolina;  at  Auburn,  Maine,  etc.  The 
source  of  agates  at  present  is  a  district  in  southern  Brazil  and 
em  Uruguay.  They  are  mostly  cut  at  Oberstein,  Germany, 
a  famous  agate  locality.  Found  in  Laramie  County,  Wyoming, 
lumerous  other  places  in  the  United  States.  Massive  quartz, 
ring  in  quartz  veins  or  with  feldspar  in  pegmatite  veins,  is 
I  for  its  various  commercial  uses  in  Connecticut,  New  York, 
land,  Wisconsin,  etc. 

J.  Widely  used  in  its  various  colored  forms  as  ornamental 
•ial,  as  amethyst,  rose  quartz,  cairngorm,  cat's-eye,  tiger's- 
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eye,  aventurine,  camelian,  agate,  onjrx,  etc.  Used  for  abra^ 
purposes  either  as  quartz  sand  or  as  sandpaper.  Used  in  the 
manufacture  of  porcelain,  of  glass,  as  a  wood  filler,  in  paints, 
scouring  soaps,  etc.  As  sand  is  used  in  mortars  and  cements. 
As  quartzite,  sandstone,  and  in  its  various  other  rock  fonns  aa 
a  building  stone,  for  paving  purposes,  etc.  Large  amounts  of 
quartz  sand  are  used  as  an  acid  flux  in  certain  smelting  opera- 
tions. 

Opal. 

Composition.  Silicon  dioxide,  like  quartz,  with  a  varying 
amount  of  water,  Si02nH20. 

Crystallization.    Amorphous. 

Structure.     Massive;  often  botryoidal,  stalactitic,  etc. 

Physical  Properties.  H.  =  5.5-6.5.  G.  =  1.9-2.3.  Titre- 
ous  luster;  often  somewhat  resinous.  Colorless,  white,  pale 
shades  of  yellow,  red,  brown,  green,  gray  and  blue.  With 
darker  colors,  which  are  due  to  various  impurities.  Often  has 
a  milky  or  "opalescent"  effect  and  sometimes  shows  a  fine  play 
of  colors.     Transparent  to  opaque. 

Tests.  Infusible.  Insoluble.  Reacts  like  quartz.  Gives  a 
little  water  upon  intense  ignition  in  C:  T. 

Varieties.  Precious  Opal.  White,  milky  blue,  yellow.  Some- 
times dark,  as  in  so-called  black  opal.  Translucent,  with  an 
internal  play  of  colors.  This  phenomenon  is  said  to  be  due  to 
thin  curved  laminae  which  refract  the  hght  differently  from  the 
mass  of  the  material,  and  so  serve  to  break  it  up  into  the  various 
prismatic  colors.  Fire  opal  is  a  variety  with  intense  orange  to 
red  reflections. 

Common  Opal.  Milk-white,  yellow,  green,  red,  etc.,  without' 
internal  reflections. 

Hyalite.  Clear  and  colorless  opal  with  a  globular  or  botry- 
oidal structure. 

Geyserite.  Opal  deposited  by  hot  springs  and  ge3n3ers.  Found 
about  the  geysers  in  the  Yellowstone  Park. 

Wood  Opal.    Fossil  wood  with  opal  as  the  petrifying  material. 

Tripolitej  or  Infusorial  earth.    1^'ine-grained  deposits,  resem- 
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bling  chalk  in  appearance.    Formed  by  the  accumulation  of  the 
BiUceous  shells  of  small  sea  organisms. 

Occurrence.  Opal  is  found  lining  and  filling  cavities  in  igneous 
Qnd  sedimentary  rocks,  where  it  has  evidently  been  deposited  through 
the  agency  of  hot  waters.  In  its  ordinary  variety  it  is  of  widespread 
Qocurrence.  Precious  opals  are  found  at  Czemowitza,  Hungary; 
in  Queretaro  and  other  states  in  Mexico;  in  Honduras;  and  from 
various  localities  in  Australia,  the  chief  district  being  White  Cliffs, 
New  South  Wales.    Recently  black  opal  has  been  found  in  Idaho. 

Use.  As  a  gem.  The  stones  are  usually  cut  in  round  shapes, 
en  cabochorty  and  gems  of  one-carat  size  are  valued  up  to  $20. 
Stones  of  large  size  and  exceptional  quality  are  very  highly 
prized. 

2.  OXIDES  OF  THE  SBMIMETALS. 

The  minerals  of  this  division  are  all  rare  in  occurrence.  Some 
)f  the  more  important  species  are,  arsenolite,  AsjOs;  senarmon- 
ite,  SbsOs;  valentinite,  SbsOs;  tellurite,  Te02;  tungstite,  WOj;  cer- 
fantite,  SbsOi. 

3.  OXIDES  OF  THE  METALS. 

The  oxides  of  the  metals  are  grouped  into  two  main  divisions: 
L  Anhydrotis  Oxides;  B.  Hydrous  Oxides.  Further,  the  Anhy- 
Irous  Oxides  are  further  subdivided  into:  (1)  Protoxides;  (2) 
yesquioxides;  (3)  Iniermediate  Oxides;  (4)  Dioxides. 

A.  ANHYDROUS  OXIDES. 
1.  PROTOXIDES. 

Cuprite.    Ruby  Copper.     Red  Copper  Ore. 

Coznposition.  Cuprous  oxide,  CujO  =  Oxygen  11.2,  copper 
•8.8.  

Crystallization.  Isometric.  Common 
orms  are  cube,  octahedron  and  dodecahedron, 
requently  in  combination  (Fig.  250).  Some- 
imes  in  much  elongated  cubic  crystals,  ca- 
pillary in  size;  known  as  "plush  copper"  or  ^^^r*^-^=^ 
halcotrichite.  Fig.  250. 
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Structure.  Usually  massive,  more  rarely  in  crystals  or  capil* 
lary  forms. 

Physical  Propertias.  H.  =  3.5-4.  G.  =  6.  Luster  adaman- 
tine in  clear  crystallized  varieties  to  submetallic  and  earthy  in 
massive  varieties.  Color  red  of  various  shades.  Ruby-red  in 
transparent  crystals.  Streak  brownish  red,  Indian-red.  Hi^ 
index  of  refraction,  giving  brilliant  luster  to  transparent  variety. 

Tests.  Easily  fusible  at  3,  giving  emerald-green  flame,  or, 
if  moistened  with  hydrochloric  acid  and  then  heated,  flame  is 
azure-blue.  Gives  globule  of  copper  on  charcoal  in  R.  F. 
When  dissolved  in  small  amount  of  concentrated  hydrochloric 
acid  and  solution  diluted  with  cold  water  gives  a  white  precipi- 
tate of  cuprous  chloride  (test  for  cuprous  copper).  Usually  to 
Ijc  determined  by  its  color  and  streak. 

Occurrence.  An  important  ore  of  copper  of  secondary  origin. 
Found  in  the  upper,  oxidized  portions  of  copper  veins,  associated 
with  the  other  secondary  copper  minerals,  native  copper,  malachite, 
azurite,  chrysocoUa,  etc.  Found  in  the  United  States  in  connection 
with  the  copper  deposits  at  Bisbee,  Morenci,  etc.,  Arizona.  Found  in 
Hniall  amount  with  the  native  copper  from  Lake  Superior.  An  im- 
portant ore  in  Chile,  Peru  and  Bolivia.  Fine  crystals  come  from 
Bisbee,  Arizona;  C'ornwall,  England;  Chessy,  France;  the  Urals. 

Name.     Derived  from  the  Latin,  cuprum^  copper. 
Use.     Ore  of  copper. 

Zincite. 

Composition.    Zinc  oxide,  ZnO  =  Oxygen  19.7,  zinc  80.3. 

Manganese  protoxide  often  present. 

Crystallization.  Hexagonal;  hemimorphic.  Terminated 
above  by  faces  of  a  steep  pyramid  and  below  with  a  basal 
l)huie.    Sometimes  shows  short  prism. 

Structure.     Usually  massive  with  platy  or  granular  structure. 

Physical  Properties.  Perfect  basal  cleavage.  H.  =  4-4.5. 
(i.  =  5.5.  Luster  subadamantine.  Color  deep  red  to  orange- 
yellow.    Streak  orange-yellow.    Translucent  to  almost  opaque. 

Tests.  Infusible.  Soluble  in  hydrochloric  acid.  When  the 
finely  powdered  mineral  is  mixed  with  sodium  carbonate  and 
charcoal  dust  and  intensely  heated  B.  B.,  gives  a  nonvdatile 
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^^ling  of  zinc  oxide,  yellow  when  hot,  white  when  cold.  Usually 
^^  borax  bead  in  0.  F.  gives  a  reddish  violet  color  (manganese) . 
I^old  chiefly  by  its  color  and  streak. 

Occnirence.  Found  in  the  zinc  depoaita  at  Franklin  Fum&ce, 
Nen  iaaey,  BaHOcUt«d  with  frankUnite  and  willemite,  often  in  an 
Uriimate  mixture.     Sometimes  embedded  in  pink  catcite. 

U»,  An  ore  of  zinc,  particularly  used  for  the  production  of 
zinc  white  (zinc  oxide). 

In  this  divl^on  also  belong  water,  ice,  HiO,  which  U  hexagonal 
in  crystallization,  and  lenorite  or  mdaamile,  CuO. 

2.   SESQUIOXIDES. 
'  HEMATITE  QBOTIP. 

The  Hematite  Group  includes  the  closely  related  rhombohe- 
dral  minerals,  corundum,  AliOi,  hemalile,  FeiOi,  and  iimmite 
(Fe,Ti)^^ 

Corundum. 

Ctooposition.    Aluminium  oxide,  A1,0,  =  Oxygen  47.1,  alu- 

Cryitallization.  Hexagonal^hombohedral.  Crygtala  usually 
prismatic  in  Itabit  or  tapeiing  hexagonal  pyramids  (Figs.  251  and 


Fie  311.  Fie  ^i^-  ^E-  'S^ 

2S2).  Often  rounded  into  barrel  shapes  (Fig.  253).  Frequently 
with  deep  horizontal  striations.  At  times  shows  rhombohedral 
and  pyiamidal  faces. 
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Structure.  Rudely  crystallized  or  massiye  with  parting  planei 
nearly  cubic  in  angle;  coarse  or  fine  granular. 

Physical'  Properties.  Parting  basal  and  rhombohedrali  the 
latter  giving  nearly  cubic  blocks.  H.  =  9  (next  to  the  diamond 
in  hardness).  G.=  3.95-4.1  (unusually  high  for  a  nonmetalfie 
mineral).  Adamantine  to  vitreous  luster.  Color  various.  Usih 
ally  some  shade  of  brown,  pink  or  blue.  May  be  white,  gnyi 
green,  ruby-red  or  sapphire-blue.    Transparent  to  opaque. 

Tests.  Infusible.  Insoluble.  Finely  pulverized  material 
moistened  with  cobalt  nitrate  and  intensely  ignited  assumes  a 
blue  color  (aluminium).  Characterized  chiefly  by  its  great 
hardness,  adamantine  luster  and  high  specific  gravity. 

Varieties.  Ordinary  Corundum,  In  translucent  to  opaque 
masses,  showing  often  the  nearly  cubical  parting;  also  granular 
to  compact. 

Gem  Corundum,  When  transparent  and  finely  colored,  corun- 
dum furnishes  various  gem  stones.  Th6  ruby  is  deep  red  corun- 
dum; sapphire  is  blue  corundum.  Stones  of  other  colors  are 
sometimes  spoken  of  as  yellow,  violet,  etc.,  sapphires  or  are 
designated  bj''  prefixing  the  word  oriental  to  the  name  of  some 
other  mineral  similar  in  color;  thus,  oriental  topaz  is  a  brownish 
yellow  corundum;  oriental  amethysty  a'  reddish  violet  corundum, 
etc. 

Emery,  Is  a  fine-grained  corundum  mixed  with  other  min- 
erals, chiefly  magnetite. 

Occurrence.  Common  in  the  metamorphic  rocks,  such  as  crys- 
talline limestone,  mica-schist,  gneiss,  etc.  Foimd  also  as  an  original 
constituent  of  certain  igneous  rocks,  usually  those  deficient  in  silica. 
Found  sometimes  in  large  masses,  evidently  the  product  of  magmatic 
differentiation.  Found  frequently  in  crystals  and  rolled  pebbles  in 
detrital  soil  and  stream  sands,  where  it  has  been  preserved  through 
its  hardness.  Associated  minerals  are  conunonly  chlorite  micas, 
chrysolite,  serpentine,  magnetite,  spinel,  cyanite,  diaspore,  etc. 

Rubies  are  found  chiefly  in  Burmah,  Siam  and  Ceylon.  The 
most  important  locality  in  Burmah  is  near  Mogok,  90  miles  north 
of  Mandalay.  The  stones  are  found  here  chiefly  in  the  soil  resulting 
from  the  decay  of  a  metamorphosed  limestone.  They  have  also 
been  found  in  situ  in  the  limestone.  The  rubies  of  Siam  are  found 
near  Bangkok,  on  the  Gulf  of  Siam,  where  they  occur  in  a  clay, 
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L  from  the  decomposition  of  a  basalt.  The  rubies  of  Ceylon 
ind  with  other  gem  stones  in  the  stream  gravels.  A  few 
have  been  foimd  in  the  gravels  and  in  connection  with  the 
corundum  deposits  of  North  Carolina. 
>hires  are  found  associated  with  the  rubies  of  Siam  and  Cey- 
They  occur  also  at  Banskar  in  Cashmere,  India.  In  the 
I  States  small  sapphires  of  fine  color  are  found  in  various  lo- 
}  in  Montana.  They  were  first  foimd  in  the  river  sands  east 
Lena  when  washing  them  for  gold.    They  have  since  been 

embedded  in  the  rock  of  lamprophyre  dikes.  The  rock  is 
ed  and  after  exposure  to  the  air  for  a  time  it  gradually  de- 
tses,  setting  the  sapphires  free.  Sapphires  are  also  found 
n  extensive  area  in  central  Queensland,  Australia, 
isive  corundiun  is  found  in  the  United  States  in  various  locah- 
>ng  the  eastern  edge  of  the  Appalachian  Mountains  from  North 
na  south.     It  has  been  extensively  mined  in  southwestern 

Carolina.  It  occurs  here  in  large  masses  lying  at  the  edges 
*uded  masses  of  a  chrysolite  rock  (dunite)  and  is  thought  to 
been  a  separation  from  the  original  magma.  Foimd  as  an 
il  constituent  of  a  nepheline  syenite  in  the  Province  of  Ontario, 
la.    At  times  the  corundum  is  so  abundant  as  to  form  more 

0  per  cent  of  the  rock  mass. 

1  imping  corundum,  known  as  emery,  is  found  in  large  quanti- 
I  Cape  Emeri  on  the  island  of  Naxos  and  in  various  localities 
a  Minor.     In  the  United  States  emery  has  been  extensively 

at  Chester,  Massachusetts. 

ificial.  Artificial  corundum  is  now  being  made  in  the  elec- 
fumaces  at  Niagara.  Small  synthetic  rubies  and  sapphires, 
d  with  minute  amounts  of  chromium,  have  been  success- 
Bade.  Also  small  grains  of  the  natural  stone  have  been 
together  into  larger  masses,  from  which  stones  of  two  or 
carats  in  size  can  be  cut.  These  are  known  as  recon- 
ed  rubies  and  sapphires. 

I.  As  a  gem  stone.  The  ruby  at  times  yields  the  most 
Die  of  gems;  a  stone  of  the  deep  red  known  as  "pigeon's 
"  may  bring  $1500  to  $2000  a  carat.  The  blue  sapphire  is 
duable,  ranging  at  times,  however,  as  high  as  $125  a  carat. 
idum  stones  of  various  other  color  are  valued  up  to  $30 
.t. 

d  also  as  an  abrasive,  either  ground  from  the  pure  massive 
ial,  or  in  its  impure  form  as  emery.    Artificial  corundum 
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and  carborundum,  whicli  in  composition  is  a  carbide  of  aliens 
arc  now  manufactured  on  a  large  scale  in  electric  furnaces  ud 
are  being  used  in  considerable  amount  as  abrasives  instead  d 
the  naturally  occurring  corundum. 

Henutite. 

Composition.  Iron  sesqmoxide,  FoiOi  =^  Oxygen  30,  inni7(L 
Sometimes  with  titanium  and  magnesium,  pas^ng  into  ilmoute. 

CTTBtallUatloti.  Hexagonal-rbombobedral.  Crystals  wiiSj 
thick  to  thin  tabular.     Basal  planes  prominent,  often  Bhowiflg 


triangular  markings  (Figs.  254  and  255).    Edges  of  plates  souk- 

times  beveled  with  rhombohedral  and  pyramidal  forms  (Fig. 


Fi«. 


256).  Thin  plates  at  times  grouped  in  rosette  fonna  (iron  mea) 
(Fig.  257).  More  rarely  crystals  are  distinctly  rhombohedral, 
oftftn  with  nearly  cubic  angles. 

Structure.  Usually  earthy  or  in  botryojdal  to  reniform  sbxpex 
with  radiating  structure.     At  times  micaceous;    crystalBied. 

Physical  Properties.  Rhombohedral  partjug  with  nearly  cuMc 
aisles.  H.  =  5.5-6.5.  G. =4.8-5.3.  Metallic  luster.  Color 
reddish  brown  to  black.    Streak  light  to  dark  ladian-red. 

Tests.  Infusible.  Becomes  strongly  magnetic  on  heating  m 
R.  F.  Slowly  soluble  in  hydrochloric  acid ;  solution  with  potss- 
dum  ferrocyanide  g^ves  dark  blue  precipitate  (test  for  fenic 
iron).    Told  chiefly  by  its  characteristic  Indian-red  streak. 
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Varieties.  Specular  Hematite.  Black  hematite  with  brilliant 
l^endent  luster  (whence  name,  specular j  mirrorlike),  in  crystals 
KT  in  foliated  masses  with  micaceous  structure. 

Columnar  to  Reniform  Hematite,  Kidney  Ore.  Brownish  black 
Jolor,  in  colunmar  to  reniform  shapes  with  radiating  structure, 
Slaving  fibrous  appearance  (A,  pi.  III). 

Oolitic  and  Fossil  Ore.  Impure  hematite  in  small  globular  or 
lenticular  concretions.    At  times  with  fossils. 

Earthy  Hematite.  In  pulverulent,  earthy  form  of  various 
ahades  of  reddish  brown.  Often  somewhat  hydrated  and  pass- 
ing into  limonite. 

Occurrence.  Hematite  is  a  widely  distributed  mineral  in  rocks 
of  all  ages  and  forms  the  most  abundant  ore  of  iron.  Occurs  as  an 
accessory  mineral  in  feldspathic  igneous  rocks,  such  as  granite. 
Found  from  microscopic  scales  to  enormous  masses  in  connection 
with  metamorphic  rocks.  It  is  found  in  red  sandstones  as  the 
cementing  material  that  binds  the  quartz  grains  together. 

The  crystallized  variety  is  found  at  many  places,  more  particu- 
larly from  the  island  of  Elba;  St.  Gothard,  Switzerland,  in  "iron 
roses '* ;  in  the  lavas  of  Vesuvius;  at  Cleator  Moor,  Cumberland,  etc. 
In  the  United  States  the  colunmar  and  earthy  varieties  are  found 
in  enormous  beds  that  furnish  a  large  proportion  of  the  iron  ore  of 
the  world.  The  chief  iron-ore  districts  of  the  United  States  are 
grouped  around  the  southern  and  northwestern  shores  of  Lake 
Superior  in  Michigan,  Wisconsin  and  Minnesota.  The  chief  dis- 
tricts, which  are  spoken  of  as  iron-ore  ranges,  are,  from  east  to  west, 
the  Marquette  Range  in  northern  Michigan;  the  Menominee  Range 
in  Michigan  to  the  southwest  of  the  Marquette;  the  Penokee- 
Gogebic  Range  in  northern  Wisconsin;  the  Mesabi  Range,  north 
jf  Duluth  in  Minnesota;  and  the  Vermillion  Range  farther  north 
in  Minnesota,  near  the  Canadian  boundary.  The  iron  ore  of  these 
lifferent  ranges  varies  from  the  hard  black  micaceous  specular 
irariety  to  the  soft  red  earthy  type.  All  of  the  ore  bodies  he  in  rock 
troughs  which  furnish  impervious  underlying  basements  to  the 
leposits.  In  all  of  the  districts,  except  the  Mesabi,  these  imder- 
ying  rocks  are  in  the  nature  of  altered  igneous  dikes,  known  as 
capstone  dikes.  The  ore  bodies  lie  in  more  or  less  broken  quartz 
naterial,  frequently  colored  red  by  inclusions  of  hematite  and  called 
asper.  The  origin  of  these  deposits  is  attributed  to  the  slow  con- 
^ntration  of  the  iron  content  of  a  siliceous  carbonate  rock  by  down- 
ward moving  waters.  These  waters  were  at  last  collected  in  the 
mpervious  rock  troughs  and  there  deposited  their  iron  content  by 
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a  replacement  of  the  quartz  of  the  overlying  rock.  The  ores  an 
mined  in  part  by  imderground  methods,  and  in  part,  where  thecmii 
soft  and  lies  sufficiently  near  the  surface,  by  the  use  of  steam  shoTck 
Hematite  is  also  found  in  the  United  States  in  various  places  in 
connection  with  the  outcrop  of  rocks  of  the  Clinton  formation,  from 
central  New  York  south  along  the  line  of  the  Appalachian  Moan- 
tains  to  central  Alabama.  The  most  important  deposits  of  the 
series  lie  in  eastern  Tennessee  and  northern  Alabama,  near  Binning- 
ham.  Hematite  has  been  found  at  Iron  Mountain  and  Pilot  Knob 
in  southeastern  Missouri.  Deposits  of  considerable  importance  are 
located  in  Wyoming,  in  Laramie  and  Carbon  counties. 

Name.  Derived  from  a  Greek  word  meaning  hhod^  in  allusioQ 
to  the  color  of  the  powdered  mineral. 

Umenite.     Menaccanite.     Titanic  Iron  Ore. 

Composition.  Ferrous  titanate,  FeTiOj  =  Oxygen  31.6,  tita- 
nium 31.6,  iron  36.8.  By  the  introduction  of  ferric  oxide,  the 
ratio  between  the  titanium  and  iron  often  varies  widely.  Some- 
times contains  magnesium  replacing  the  ferrous  iron. 

Crystallization.  Hexagonal-rhombohedral;  tri-rhombohe- 
dral.  Crystals  usually  thick  tabular  with  prominent  basal  planes 
and  small  rhombohedral  truncations.  Faces  of  the  third  order 
rhombohedron  rare.  Crystal  angles,  etc.,  close  to  those  for 
hematite. 

Structure.  Usually  massive,  compact;  also  in  grains  or  as 
sand.     Often  in  thin  plates. 

Physical  IProperties.  H.= 5.5-6.  G.=4.7.  Metallic  to 
submetallic  luster.  Color  iron-black.  Streak  black  to  brownish 
red.     Sometimes  magnetic  without  heating. 

Tests.  Infusible.  May  be  magnetic  without  heating.  Fine 
powder  fused  in  R.  F.  with  sodium  carbonate  yields  a  magnetic 
mass.  After  fusion  with  sodium  carbonate  the  fusion  can  be 
dissolved  in  hydrochloric  acid,  and  when  the  solution  is  boiled 
with  tin  it  assumes  a  violet  color  (titanium). 

Occurrence.  Occurs  as  beds  and  lenticular  bodies  enveloped  in 
gneiss  and  other  crystalline  metamorphic  rocks.  Often  associated 
with  magnetite.  Also  as  an  accessory  mineral  in  eruptive  rocks. 
Found  in  large  quantities  at  Kragero  and  other  localities  in  Norway; 
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[iask  in  the  Ilmen  Mountains;  at  Bay  St.  Paul  in  Quebec, 
da.  Found  at  Washington,  Connecticut;  in  Orange  County, 
York,  etc. 

le.  Has  practically  no  commercial  use.  A  little  of  it  pres- 
D  a  body  of  magnetite  iron  ore  makes  the  ore  so  difficult  to 
b  as  to  render  it  of  little  value. 

3.  DTTEBMEDIATE  OXIDES. 

SPINEL  GROUP. 

group  of  oxides  which  in  composition  are  combinations  of  a 
ent  oxide  with  a  trivalent  oxide,  the  general  formula  being, 
.R«'"0,.  R"0  may  be  MgO,  ZnO,  FeO,  MnO,  while  R,'"0, 
be  AljOs,  FejOa,  Mn20s,  Cr208.  The  chief  members  of  the 
)  are  as  follows: 

Spind,  Mg  CAljOs  or  MgAljO*. 
Gahnitej  ZnO.AlaOs  or  ZnAls04. 
Magnetite,  FeO.FejOs  or  FeFe204. 
Franklinite,  (Fe,Mn,Zn)0.(Fe,Mn)20, 

or  (Fe,Mn,Zn)(Fe,Mn),04. 
Chromite,  (Fe,Mg)0.Cr20s  or  (Fe,Mg)Cr204. 

e  crystalline  habit  of  all  the  members  of  the  group  is  octa- 
l1.  The  dodecahedron  is  sometimes  present,  but  other  forms 
are. 

Spinel. 

mpositioxL     MgAl204  or  MgO.Al203= Alumina  71.8,  mag- 

28.2.    The  magnesium  may  be, 

irt,  replaced  by  ferrous  iron  or  yP\ 

;anese  and   the    aluminium    by  y^/   \  \^ 

iron  and  chromium.  y^^   /  ^  \   \^ 

^tallization.    Isometric.    Habit  ^^— -/ '^^----^ 

gly  octahedral  (Fig.  258).    Some-  \/    T       /       y/ 

in  twinned  octahedrons  (spinel  \.   \    ^/   y^ 

)  (Fig.  259).    Dodecahedron  at  ^\'X 

as  small  truncations  (Fig.  260).  ^^ 

•  forms  rare.  ^'«-  "*• 
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Structurs.     Usu&lly  ciysUUized. 

Phjaical  Proporttas.  H.-8.  G. -3.5-4.1.  NonmetaQk 
Vitreous  luster.  Color  various,  —  red,  lavender,  blue,  gret^ 
brown,  black,  sometimes  almoet  wUte.  Streak  white.  Uaiultr 
translucent  to  opaque,  at  times  clear  and  transparent. 


Fie  ISA-  ^^  ^^■ 


T«atB.  Infusible.  The  finely  powdered  mineral  diasolw 
completely  B.  B.  in  the  salt  of  phosphorus  bead  (proving  the 
absence  of  silica).  Recognized  chiefly  by  its  hardness  (8' 
octahedral  crystals  and  vitreous  luster. 

Vari«ties.     1.  Rvby  Spinel.    Nearly  pure  magne«an  spinel. 
Clear  red;    transparent  to  translucent.     When  rose-red  known    I 
BA  balas  Tuby;  yellow  or  orange-red,  ruWccHe;  violet^red,  olmiin-   j 
dine  ruby. 

2.  Pkonasle.    Iron-magnesia  spinel.    Color  dark  green,  browD    I 
to  black.     Opaque  or  nearly  so. 

3.  CfdoTospiml.  Magnesia-iron  spinel.  Color  grasa-green  ow- 
ing to  the  presence  of  copper. 

4.  Picotite,  OT  Chrome  Spinel.  Contains  chromium  and  has 
iron  replacing  magnesium.  Color  yellowish  or  greenish  brown. 
Translucent  to  opaque. 

Occurrence.  A  common  roetamorphic  mineral  occurring  on- 
bedded  in  granular  limeatone,  associated  with  calcite,  serpentine, 
etc.  Occurs  also  as  an  accessory  mineral  in  many  basic  igneoua 
rocks,  as  peridotites,  etc.  Found  frequently  as  rolled  pd^bles  in 
stream  sands,  where  it  has  been  preserved  on  account  irf  its  hard- 
ness.   The  ruby  spinels  are  found  in  this  way,  often  associated  witb 
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e  corundum  ruby,  in  the  sands  of  Ceylon,  Siam,  Upper  Burmah, 
QfltraMa  and  Brazil.  Ordinary  spinel  is  found  in  various  localities 
I.  New  York,  New  Jersey  and  Massachusetts. 

Use.  When  transparent  and  finely  colored  is  used  as  a  gem. 
Isually  red  in  color  and  known  as  the  spinel  ruby,  balas  ruby, 
"tc.  Some  stones  are  blue  in  color.  The  largest  cut  stone 
oiown  weighs  in  the  neighborhood  of  80  carats.  The  stones 
isually  are  comparatively  inexpensive,  although  a  stone  of  excep- 
tionally fine  color  may  bring  as  high  as  $100  per  carat. 

Gahnite. 

A  zinc  spinel,  ZnAljOi  or  ZnO.AljOs,  with  ferrous  iron  and  man- 
ganese isomorphous  with  the  zinc  and  ferric  iron  with  the  aluminium, 
tsometric.  Commonly  octahedral,  also  rarely  showing  dodecahe- 
drons and  cubes.  H.  =7.5-8.  G.  =4.55.  Vitreous  luster.  Dark 
^reen  color.  Infusible.  The  fine  powder  fused  with  sodium  car- 
Innate  on  charcoal  gives  a  white  nonvolatile  coating  of  zinc  oxide. 
A  rare  mineral.  Found  in  the  United  States  in  notable  crystals  at 
PrankUn,  New  jCTsey,  and  Rowe,  Massachusetts. 

Magnetite. 

Composition.    Fe804  or  FeO.Fe208  =  Iron  sesquioxide  69.0, 
iron  protoxide  31.0  or  oxygen  27.6,  iron  72.4.    The  ferrous  iron 
is  sometimes  replaced  by  magnesium, 
rarely  nickel;  also  at  times  titaniferous.  /i\\ 

Crystallization.     Isometric.     Octa-  X  /    \  \. 

hedral    habit    (Fig.    261),    sometimes       X  ^  /  ^  \     >v 
twinned   octahedrons.      Dodecahedron     4=^"'t        y*"~--~\ 
at  times  (Fig.  262)  either  alone  or  with       ^yo  \    o!      / 
octahedron  (Fig.  263).    Other  forms  rare.  n.\    /  / 

Structure.    -Usually  granular  mas-  ^\>^ 

sive,  coarse  or  fine;  sometimes  as  sand; 
also  frequently  crjrstallized. 

Physical  Properties.  Often  under  pressure  develops  octahe- 
dral parting.  H. = 6.  G .  =  5. 18.  Metallic  luster.  Color  iron- 
black.  Streak  black.  Strongly  magnetic;  sometimes  a  natural 
magnet,  known  as  lodestone. 
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Ttita.  Infumble.  Slowly  soluble  in  HCl  and  sdntiaiTt-  I 
acte  for  both  ferrouB  and  ferric  iron.  Dirtinpiighed  durfyb?  ill  I 
atrongmagnetiBm,  its  black  colw  and  streak,  and  its  hardua  (I)-  | 


Fie  182.  Fie.  in. 

Occumncc.  A  common  ore  of  inm.  ItisfoundasanaeeeMfT 
mineral  in  rocks  of  all  classes  and  BometimeB  becomes  thdr  dM 
constituent.  Most  commonly  associated  with  crystaUine  wnttr 
morphic  rockii,  also  frequently  in  rocks  that  are  rich  in  femnucM- 
sium  minerals,  auch  as  diabase,  gabbro,  peridotite.  In  many  OM 
forms  large  ore  bodies  that  are  thought  to  be  the  result  of  rnttmi'* 
differentiation;  such  bodies  are  often  highly  titaniferous.  Occin 
at  times  in  immense  beds  and  lenses,  inclosed  in  " 
rocks.  Found  in  the  black  sands  of  the  seBshore.  Occun 
plates  and  dendritic  fp^twths  between  plates  of  mica.  Often  iiti- 
mately  associated  with  corundum,  forming  the  material  known  M 

In  the  United  States,  found  in  large  beds  with  the  ArcluDsn  neb 
of  the  Adirondacks  in  Warren,  Essex  and  Clinton  countira  (rf  noth- 
em  New  York;  in  various  places  in  New  Jersey;  at  Connnli 
Pennsylvania.  Important  foreign  localities  are  in  NMway  ui 
Sweden,  where  it  in  the  chief  iron  ore.  Natural  magnets  or  lode- 
Htonns  are  found  in  Siberia;  in  the  Han  Mountains,  Germany; 
at  Magnet  Cove,  Arkansas. 

Nama.  Probably  derived  from  the  locality  Magnesia,  bordo^ 
ing  on  Macedonia.  A  fable,  told  by  Pliny,  ascribes  its  name  to 
a  shepherd  named  Magnes,  who  first  discovered  the  mineral  oa 
Mount  Ida  by  noting  that  the  n^la  of  his  shoes  and  the  iron 
ferrule  of  his  staff  adhered  to  the  ground. 

Dm.    Au  important  iron  ore. 
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Franklinite. 

Mdtion.  (Fe,Zn,Mn)0.(Fe,Mn)iOi.  Shows  wide  vari- 
he  proportions  of  the  different  elements  present,  but  con- 
the  general  formula,  RO.RsOi. 

Uization.  Isometric.  Habit  strongly  octahedral.  Do- 
on  sometimes  as  truncations.  Other  forms  rare.  Crys- 
i  roimded. 

ure.  Massive,  coarse  or  fine  granular,  in  roimded  grains 
llized. 

»1  Properties.  H.=  6.  G.=  5.15.  Metallic  luster, 
n-black.    Streak  dark  brown.    Not  magnetic. 

Infusible.  Becomes  strongly  magnetic  on  heating  in 
rives  a  bluish  green  color  to  sodium  carbonate  bead  in 
mganese) .  When  very  fine  powder  is  mixed  with  sodium 
e  and  heated  intensely  on  charcoal  gives  a  coating  of 
le.  Distinguished  by  above  tests  and  its  black  color 
m  streak. 

rence.  Found  practically  only  in  the  zinc  deposits  at  Frank- 
«e,  New  Jersey,  which  are  in  the  form  of  large  beds,  in- 
granular  limestone.  Associated  chiefly  with  zincite  and 
,  with  which  it  is  often  intimately  intergrown. 

As  an  ore  of  zinc  and  manganese.  The  zinc  is  converted 
white  and  the  residue  is  smelted  to  form  an  aUoy  of 
manganese,  spiegdeiseriy  which  is  used  in  the  manu- 

f  steel. 

Chromite. 

osition.    FeCr204  or  FeO.CraOj  =  Chromium  sesqui- 
0,  iron  protoxide  32.0.    The  iron  may  be  replaced  by 
im  and  the  chromium  by  aluminium  and  ferric  iron. 
kllization.   Isometric.   Habit  octahedral.   Crystals  small 

iure.     Commonly  massive,  granular  to  compact. 
si  Properties.    H.  =  5.5.    G.  =  4.6.    Metallic  to  sub- 
luster.    Color  iron-black  to  brownish  black.     Streak 

mi. 
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Tests.  Infusible.  When  finely  powdered  and  fused  on  duff- 
coal  with  sodium  carbonate  gives  a  magnetic  residue.  Imparts 
a  green  color  to  the  borax  and  salt  of  phosphorus  beads  (chro- 
mium). 

Occurrence.  A  common  constituent  of  peridotite  Tocks  and  the 
serpentines  derived  from  them.  One  of  the  first  minerals  to  separate 
from  a  cooling  rock  magma,  and  its  large  ore  deposits  are  thought  to 
have  been  derived  by  such  magmatic  differentiation.  Associated 
with  chrysolite,  serpentine,  corundum,  etc. 

Found  only  sparingly  in  the  United  States.  Pennsylvania,  Mary- 
land, North  Carolina  and  Wyoming  have  produced  it  in  the  past. 
California  is  the  only  producing  state  at  present  (1910).  The 
important  coimtries  for  its  production  are  New  Caledonia,  Greece 
and  Canada. 

Uses.  Chromium  is  used  with  various  other  metals  to  give 
hardness  to  steel.  Chromite  bricks  are  used  to  a  considerable 
extent  as  linings  for  metallurgical  furnaces,  on  account  of  their 
neutral  and  refractory  character.  The  bricks  are  usually  made 
of  crude  chromite  and  coal  tar  but  sometimes  of  chromite  with 
kaolin,  bauxite,  milk  of  lime  or  with  other  materials.  Chromium 
is  a  constituent  of  certain  green,  yellow,  orange  and  red  pigments 
and  of  similarly  colored  dyes. 


ChrysoberyL 

Composition.  Beryllium  aluminate,  BeAli04  =  Alumina  80.2, 
beryllium  oxide  19.8. 

Crystallization.  Orthorhombic.  Crystals  usually  tabular  par- 
allel to  macropinacoid,  which  face  is  vertically  striated.  Com- 
monly twinned,  often  in  pseudohexagonal  forms. 

Structure.     Usually  in  crystals. 

Physical  Properties.  Prismatic  cleavage.  H.  =  8.5  (un- 
usually high).  G.=  3.65-3.8.  Vitreous  luster.  Color  various 
shades  of  green,  brown,  yellow,  sometimes  red  by  transmitted 
light. 

Tests.  Infusible.  Insoluble.  The  finely  powdered  mineral 
is  wholly  soluble  in  the  salt  of  phosphorus  bead  (absence  of  silica). 
Mineral,  moistened  with  cobalt  nitrate  and  ignited,  turns  blue 
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ilumimum).     Characterized  by  its  extreme  hardness,  its  yel- 
>wish  to  emerald-green  color  and  its  twin  crystals. 
Varieties.     1.  Ordinary,     Color  pale  green,  yellow;  some- 
mes  transparent. 

2.  Alexandrite,  Emerald-green  variety,  but  red  by  trans- 
litted  light  and  generally  also  by  artificial  light. 

3.  Cat^s-^e^  or  Cymophane,  A  variety  which  when  polished 
lows  an  opalescent  luster,  and  across  whose  surface  plays  a 
ng  narrow  beam  of  light,  changing  its  position  with  every 
ovement  of  the  stone.  This  effect  is  known  as  chatoyancy, 
id  is  best  obtained  when  the  stone  is  cut  in  an  oval  or  round 
rm  {en  cabochon).    This  property  of  the  mineral  is  thought 

be  due  to  numerous  minute  tubelike  cavities,  arranged  in  a 
irallel  position.    Chrysoberyl  is  the  true  cat's-eye,  and  is  not 

be  confused  with  various  other  minerals  possessing  similar 
operties  (e.g.,  quartz). 

Occurrence.  A  rare  mineral.  Found  in  the  alluvial  gem  deposits 
Brazil  and  Ceylon;  the  alexandrite  variety  comes  from  the  Ural 
ountains.  In  the  United  States  it  has  been  found  at  Norway  and 
oneham,  Maine;  Haddam,  Connecticut;  and  in  North  Carolina. 

Name.  Chrysoberyl  means  golden  beryl.  Cymophane  is  de- 
ved  from  two  Greek  words  meaning  wave  and  to  appear ^  in 
lusion  to  the  chatoyant  effect  of  some  of  the  stones.  Alexan- 
'ite  was  named  in  honor  of  Alexander  II  of  Russia. 
Use.  Serves  as  a  gem  stone.  The  ordinary  yellowish  green 
ones  are  valued  up  to  $5  a  carat.  Alexandrite  brings  as  high 
J  $60  for  a  one-carat  stone.  A  one-carat  cat's-eye  may  have  a 
alue  up  to  $50. 

Two  rare  manganese  minerals  belong  in  the  section  of  Inter- 
lediate  Oxides:  Aaiiswanmte,MnO.Mn208,  and  braunite^  3Mn203. 
[nSiO,. 

4.   DIOXIDES. 
Cassiterite.     Tin  Stone. 

Composition.    Tin  dioxide,  SnOa  =  Oxygen  21.4,  tin  78.6. 
Crystallization.    Tetragonal.    Common  forms  are  prisms  and 
yrramids  of  first  and  second  orders  (Fig.  264).    Frequently  in 
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elbow-shaped  twins;   twiuning  plane  bdng  a  pyramid  of  the  I 
second  order  (Pig.  265). 


dh^ 


"^t^ 


Fie.  in.  Fis.  MS. 

Structuro.  Usually  massive  granular;  often  in  remfons 
shapes  with  radiatii^  fibrous-like  structure  {wood  tin);  cryGlal- 
liaed. 

Pliysical  Propflrtios.  H.  =  6-7.  G.=  6.8-7.1  (umiiuaHy 
high  for  a  mineral  with  nonmetallic  luster).  Nonmetallic,  aili' 
mantine  luster  to  submetallic  and  dull.  Color  usually  brown  or 
black;  rarely  yellow  or  white.     Streak  white. 

Testa.  Infusible.  Gives  globule  of  tin  with  coating  of  white 
tin  oxide  when  finely  powdered  mineral  is  fused  on  charcoal  n'ith 
a  mixture  of  sodium  carbonate  and  charcoal  powder.  Insoluble. 
Recognized  by  its  high  specific  gravity,  its  color  and  light  streak. 

Occurrencs.  Casaiterite  is  widely  distributed  in  small  amounts 
but  in  only  produced  on  a  commercialacale  in  a  few  localities.  Cs»- 
eiterite  has  been  noted  as  an  original  cuoatituent  of  igneous  rocks, 
but  it  ia  more  commonly  to  be  found  in  veins  associated  with  qusrti. 
As  a  rule  tin-bearing  veins  are  found  in  or  near  p^pnatites  or  granitic 
rocks.  Tin  veins  usually  have  minerals  which  contain  fluorine  and 
boron,  such  as  tourmaline,  topaz,  fluorite,  apatite,  etc.,  and  the  min- 
erala  of  the  wall  rocks  are  commonly  much  altered.  It  is  thought, 
therefore,  that  the  tin  veins  have  been  formed  through  the  agency 
of  vapors  which  carried  tin  with  boron  and  fluorine.  Cassiterit«  ia 
at  times  a  minor  constituent  of  pegmatite  vdns.  Also  it  is  found 
in  the  form  of  rolled  pebbles  in  placer  deposits. 

Cassiterite  is  not  found  in  large  quantities  in  the  United  States, 
the  only  productive  locality  at  present  being  on  the  Seward  Penin- 
Bula,  Alaska.    Found  also  in  the  pegmatites  of  North  and  South 
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;  in  the  Black  Hills,  South  Dakota;  near  El  Paao,  Texas, 
id's  Eupply  of  tin  ore  conies  from  Tasmania,  from  New- 
ales,  Queensland  acid  other  states  of  Australia,  from  Bolivia 
the  Malay  States.  Cornwall,  England,  has  produced  large 
i  tin  ore  in  the  past. 


nly  ore  of  tin.  Chief  use  of  tin  is  in  coating  or  "tin- 
.  tals,  particularly  iron,  to  form  what  ia  known  as  sheet 
lis  also  used  in  various  allays:  solder,  containing  tin 
I  bell-metal  and  bronze,  containing  copper  and  tin. 

I  Rutile. 

illtioii.     Titanium  dioxide,  TiOi  =Oxygen  40,  titanium 
le  iron  is  usually  present  and  may  amount  to  10  per 

htion.    Tetragonal.    UsuaUy  prismatic  with  pyra- 
Ltions  (Fig.  266).     Vertically  striated.     Frequently 


wins,  often  repeated  (Pip.  267  and  268).     Twinning 
yramid  of  second  order.     Crystals  sometimes  slender 

Usually  crystallized.     Sometimes  compact  mas- 

l  PropBrtiBB.  H.=  6-6.5.  G.=  4.18^.25.  Luster 
to  aubmetallic.  Color  red,  reddish  brown  to  black, 
■ly  opaque,  may  be  transparent. 


I 
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Tests.  Infusible.  Insoluble.  Fused  with  sodium  carbonate, 
then  fused  mass  dissolved  in  hydrochloric  acid  and  boiled  with 
tin,  the  solution  assumes  a  violet  color. 

Occurrence.  Rutile  is  foimd  in  granite,  gneiss,  mica  schist,  meta- 
morphic  limestone  and  dolomite,  sometimes  as  an  accessory  mineral 
in  the  rock,  sometimes  in  quartz  veins  traversing  it.  Often  occurs 
as  slender  crystals  penetrating  quartz.  Remarkable  crystals  come 
from  Graves  Mountain,  Lincoln  County,  Georgia.  Also  found  in 
Alexander  County,  North  Carolina,  in  Randolph  County,  Alabama, 
and  at  Magnet  Cove,  Arkansas.  Has  been  mined  near  Roseland, 
Nelson  County,  Virginia.  Notable  European  localities  are  Kragero, 
Norway;  Yrieux,  near  Limoges,  France;  in  the  Ural  Mountains. 

Use.  Source  of  titanium.  Titanium  is  used  to  a  small  extent 
in  steel  and  cast  iron;  for  electrodes  in  arc  lights;  to  give  a  yel- 
low color  to  porcelain  and  false  teeth. 

Octahedrite.    Anatase. 

Titanium  dioxide,  Ti02,  same  as  rutile  and  brookite.  Tetragonal. 
Usually  in  pyramidal  crystals,  also  tabular  parallel  to  base.  H.= 
5.5-6.  G.  ==  3.8-3.95.  Adamantine  luster.  Color  yellow,  brown, 
blue,  black,  transparent  to  opaque.  Tests  same  as  for  rutile  (which 
see).  A  comparatively  rare  mineral,  foimd  usually  as  an  accessory 
mineral  in  metamorphic  rocks. 

Brookite. 

Titanium  dioxide,  Ti02,  like  rutile  and  octahedrite.  Orthorhom- 
bic.  Habit  varied.  Tabular  parallel  to  macropinacoid,  square 
prismatic  and  at  times  by  an  equal  development  of  4  prism  and  8 
pyramid  faces  resembles  a  hexagonal  pyramid.  Occurs  only  in  crys- 
tals.    H.  =  6.     G.  =  4-4.07.      Luster  adamantine  to  submetallic. 

Color  hair-brown  to  black.  Translucent  to  opaque.  Tests,  same 
as  for  rutile.  A  rare  mineral,  occurring  with  one  of  the  other  forms 
of  titanium  dioxide,  rutile  or  octahedrite.  Occurs  in  good  crystals 
at  St.  Gothard,  Switzerland;  in  the  Tjrrol;  Trenadoc,  Wales;  Ellen- 
ville,  New  York;  Magnet  Cove,  Arkansas. 

Pyrolusite. 

Composition.    Manganese  dioxide,  MnOi.    Commonly  con- 
tains a  little  water. 
Crystallization.    Crystals  probably  always  pseudomoiphous 

after  manganite. 
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Structure.  Radiating  columnar  to  fibrous  (Fig.  A,  pi.  VII) ; 
also  granular  massive;  often  in  reniform  coats. 

Physical  Properties.  H.  =  2-2.5  (often  soiling  the  fingers). 
G.  =  4.75.  Metallic  luster.  Iron-black  color  and  streak.  Splin- 
tery fracture. 

Tests.  Infusible.  A  small  amount  of  powdered  mineral 
gives  in  O.  F.  a  reddish  violet  bead  with  borax  or  a  bluish  green 
opaque  bead  with  sodium  carbonate.  Gives  oxygen  in  C.  T., 
which  will  cause  a  splinter  of  charcoal  to  ignite  when  placed  in 
tube  above  the  mineral  and  heated.  Only  a  small  amount  of 
water  in  C.  T.    In  hydrochloric  acid,  chlorine  gas  evolved. 

Occurrence.  A  secondary  mineral.  Manganese  is  dissolved  out 
of  the  crystalline  rocks,  in  which  it  is  almost  always  present  in  small 
amounts,  and  redeposited  under  various  conditions,  chiefly  as  pyro- 
lusite.  Dendritic  coatings  of  pyrolusite  are  frequently  observed 
on  rock  surfaces,  coating  pebbles,  etc.  Nodular  deposits .  of  pyro- 
lusite are  found  on  the  sea  bottom.  Nests  and  beds  of  manganese 
ores  are  found  inclosed  in  residual  clays,  derived  from  the  decay 
of  manganiferous  limestones.  As  the  rock  has  weathered  and  its 
soluble  constituents  been  taken  away,  the  manganese  content  has 
been  concentrated  in  nodules  and  masses  composed  chiefly  of 
P3rrolusite.  Also  found  in  veins  with  quartz  and  various  metallic 
minerals. 

Mined  in  Thuringia,  Moravia,  Transylvania,  Bohemia,  West- 
phalia, Australia,  Japan,  India,  New  Brunswick,  Nova  Scotia.  In 
the  United  Stat^,  manganese  ores  are  found  in  Virginia,  Georgia, 
Arkansas  and  California. 

Name.  Pyroludte  is  derived  from  two  Greek  words  meaning 
fire  and  to  wash,  because  it  is  used  to  free  glass  through  its  oxidiz- 
ing effect  of  the  colors  due  to  iron. 

Uses.  Most  important  manganese  ore.  Manganese  is  used 
in  the  manufacture  of  the  alloys  with  iron,  spiegeleisen  and  ferro- 
manganesey  employed  in  making  steel;  also  in  various  alloys 
with  copper,  zinc,  aluminium,  tin,  lead,  etc.  Pyrolusite  is  used 
as  an  oxidizer  in  the  manufacture  of  chlorine,  bromine  and  oxy- 
gen; as  a  disinfectant  in  potassium  permanganate;  as  a  drier 
in  paints,  a  decolorizer  of  glass,  and  in  electric  cells  and  bat- 
teries. Manganese  is  also  used  as  a  coloring  material  in  bricks, 
pottery,  glass,  etc. 
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PoUanite^  MnOi,  is  a  rare  mineral,  occurring  in  minute  tet- 
ragonal crystals. 

B.  HYDROUS  OXIDES. 

Turgite.     Hydrohematite. 

Composition  is  Fe406(OH)2  or  2Fe30s.lHiO.  Compare  limonite 
and  goethite.  Reniform  and  stalactitic,  with  radiating  fibrous 
structure.  Sometimes  earthy.  H.  =  5.5-6.  G.  =  4.14.  Subme- 
tallic  luster.  Color  black  to  reddish  black.  Streak  Indian-red. 
Difficultly  fusible  at  5-5.5.  Strongly  magnetic  after  heating  in  R.  F. 
In  C.  T.  gives  5  per  cent  of  water  and  generally  decrepitates.  Dis- 
tinguished from  limonite  by  red  streak  and  from  hematite  by  giving 
water  in  C.  T.  Found  usually  associated  with  limonite.  Occurred 
in  considerable  amount  at  Salisbury,  Conn.,  where  it  often  formed 
an  outer  layer  an  inch  or  more  in  thickness  on  the  masses  of  limonite. 

Diaspore. 

Composition.   AlO  (OH)  or  AliOa.H20 = Alumina  85,  water  15. 

Crystallization.  Orthorhombic.  Usually  in  thin  crystals, 
tabular  parallel  to  the  brachypinacoid. 

Structure.    Bladed;  foliated  massive. 

Physical  Properties.  Perfect  cleavage  parallel  to  brachy- 
pinacoid. H.  =  6.5-7.  G.  =  3.35-3.45.  Vitreous  luster  except 
on  cleavage  face,  where  it  is  pearly.  Color  white,  gray,  yellowish, 
greenish. 

Tests.  Infusible.  Insoluble.  Fine  powder  wholly  soluble 
in  salt  of  phosphorus  bead  (absence  of  silica).  Ignited  with 
cobalt  nitrate  turns  blue  (aluminium).  Gives  water  in  C.  T. 
Characterized  by  its  good  cleavage,  scaly  structure  and  its 
hardness  (6.5-7). 

Occurrence.  Usually  a  decomposition  product  of  corundum  and 
found  associated  with  that  mineral  in  dolomite,  chlorite-schist,  etc. 
Found  in  the  Urals;  at  Schemnitz,  Hungary;  Campolongo  in  Swit- 
zerland. In  the  United  States  in  Chester  County,  Pennsylvania; 
at  Chester,  Massachusetts;  near  Franklin,  North  Carolina,  etc. 

Name.  Derived  from  a  Greek  word  meaning  to  scatter,  in 
allusion  to  its  decrepitation  when  heated. 


^ 


B.    Maaganite,  Ilefeld.  Harz  ifu. 
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Goethite. 

nposition.     FeO(OH)  or  FeaOi.HiO  =  Oxygen  26,  iron 

water  10.1. 

rstallization.     Orthorhombic.     Prismatic,  vertically  stri- 

Often  flattened  parallel  to  brachypinacoid.    In  acicular 
lis  at  times. 

ucture.      Massive,  reniform,  stalactitic,   with  radiating 
IS  structure.    Foliated.    Rarely  in  distinct  crystals. 
Tsical  Properties.    Perfect  cleavage  parallel  to  brachy- 
oid.    H.=  5-5.5.    G.  =  4.37.  Adamantine  to  dull  luster. 

luster  in  certain  fine  scaly  or  fibrous  varieties.    Color 
vish  brown  to  dark  brown.    Streak  yellowish  brown  (same 

limonite). 

(ts.  Difficultly  fusible  (5-5.5) .  Becomes  magnetic  in  R.  F. 
r  in  C.  T.  Told  chiefly  by  the  color  of  its  streak  and  dis- 
ished  from  limonite  by  its  tendency  to  crystallize  and  the 
3r  amount  of  water  which  it  contains. 

surrence.  Occurs  with  the  other  oxides  of  iron,  hematite  and 
ite.  Found  at  Eisenfeld  in  Nassau;  near  Bristol,  England; 
stwithiel,  Cornwall.  In  the  United  States  in  connection  with 
lake  Superior  hematite  deposits,  particularly  at  Negaunee, 
gan. 

).    A  minor  ore  of  iron. 

Manganite. 

^position.      MnO(OH)    or   MnaOi.HjO  =  Oxygen  27.3, 

anese  62.4,  water  10.3. 

rstallization.    Orthorhombic.    Crystals  usually  long  pris- 

with  obtuse  terminations,  deeply  striated  vertically  (Fig.  B, 

I).    Often  twinned. 

ucture.   Usually  in  radiating  masses ;  crystals  often  grouped 

idles.    Also  colunmar. 

rsical  Properties.    Perfect  cleavage  parallel  to  brachy- 

)id.     H.  =  4.     G.  =  4.3.     Metallic  luster.     Steel-gray  to 

lack  color.    Dark  brown  streak. 
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Tests.    Infusible.    A  small  amount  of  the  powdered  zninefil 
gives  in  ().  F.  a  reddish  violet  bead  with  borax  or  a  bluish  gre 
opmjue  l)ead  with  sodium  carbonate.    Much  water  when  heated 
in  C.  T.    Told  chiefly  by  its  black  color,  prismatic  crystals,  hsrd- 
ness  (4)  and  brown  streak.    The  last  two  will  serve  to  distaDgfii 
it  from  pyrolusite. 

Occurrence.  Found  in  connection  with  p3fTolusite  and  other  mo- 
gan(!fl<)  inincrals  and  with  iron  oxides.  Occurs  at  Defdd,  Hoi 
Mountainsi  in  fine  crystals;  also  at  Ilmenau,  Thuringia;  Conanit 
England;  Ncgauneo,  Michigan,  etc 

Use.    A  minor  ore  of  manganese. 

Limonite.     Brown  Hematite.    Bog-iron  Ore. 

Composition.  Fc40i(0H)fl  or  2FesOi.3HiO  =  Oxygen  25.7, 
iron  59.8,  water  14.5.  Often  impure.  Compare  turgite  wi 
g()(»thitc. 

Crystallisation.    Noncrystalline. 

Structure.  In  mammillary  to  stalactitic  forms  with  nuSafc- 
ing  fil)r()U8  .structure  (Fig.  B,  pi.  II);  also  concretionary;  some- 
tinioH  earthy. 

Physical  Properties.  H.=  5-5.5.  G.=  3.6-4.  SubmetalBe 
UlsUt.  (Jolor  dark  brown  to  nearly  black.  Streak  yellowish 
brown. 

Tests.  Difficultly  fusible  (5-5.5).  Strongly  magnetic  after 
heating  in  U.  F.  Much  water  in  C.  T.  (15  per  cent).  Charac- 
tcjrized  chiefly  l)y  its  structure  and  yellow-brown  streak. 

Occurrence.  Limonite  is  a  common  ore  of  iron  and  is  always 
H(;(;()n(lHry  in  itH  origin,  formed  through  the  alteration  or  solution 
of  pnwiouHly  (existing  iron  minerals.  Pyrite  is  often  found  altered 
to  linionito,  Uic  cryHtal  form  being  at  times  preserved,  giving  limonite 
pRfnidoiiiorpIiH.  Sulphide  veins  are  often  capped  near  the  surface, 
wh(>r(;  oxidation  hiiH  taken  place,  by  a  mass  of  cellular  limonite, 
w}ii(;h  is  known  aH  gofisaUf  or  an  iron  hat.  Iron  minerals  existing  in 
t}i(^  rockH  are  among  the  first  to  undergo  decomposition,  and  their 
iron  content  is  often  dissolved  by  percolating  waters  through  the 
agency  of  the  small  amounts  of  car})onic  acid  which  they  contain. 
The  iron  m  transported  as  a  carbonate  by  the  waters  to  the  surface 
and  then  often  carried  by  the  streams  finally  into  marshes  and 
Htagnant  pook.    There,  under  the  effect  of  the  evaporation  of  the 
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euid  its  consequent  loss  of  the  carbonic  acid,  which  served  to 
he  iron  carbonate  in  solution,  and  through  the  agency  of  the 
Qg  action  of  carbonaceous  matter  present,  the  iron  carbonate 
iged  to  an  oxide,  which  separates  from  the  water  and  collects 
s  an  iridescent  scum  on  the  surface  of  the  water,  and  then  later 
bo  the  bottom.  In  this  way,  imder  favorable  conditions,  beds 
)ure  limonite  can  be  formed  in  the  bottom  of  marshes  and  bogs, 
deposits  are  very  common  and  are  known  as  bog^ran  ores, 
3ecause  of  the  foreign  materials  deposited  along  with  the 
ite,  are  seldom  of  sufficient  purity  to  be  worked, 
lonite  deposits  are  also  to  be  foimd  in  coimection  with  iron- 
ig  limestones.  The  iron  content  of  the  limestone  is  gradually 
ved  out  by  circulating  waters  and  transported  by  them  to 
favorable  spot,  and  there  the  iron  is  slowly  redeposited  as 
ite,  gradually  replacing  the  calcium  carbonate  of  the  rock. 
y  the  gradual  weathering  and  solution  of  the  limestone,  its  iron 
at  may  be  left  in  the  form  of  residual  masses  of  limonite,  l3dng 
y  above  the  limestone  formation. 

;h  deposits  are  often  of  considerable  size,  and  because  of  their 
3r  purity  are  much  more  often  mined  than  the  bog-iron  ores, 
sits  of  this  type  are  to  be  found  chiefly  along  the  Appalachian 
itains,  from  western  Massachusetts  as  far  south  as  Alabama. 
!  ores  have  been  of  considerable  importance  in  western  Massa- 
tts,  northwestern  Connecticut,  southeastern  New  York,  and 
w  Jersey.  To-day  they  are  chiefly  mined  in  Alabama,  Virginia, 
ssee  and  Georgia.  Limonite  deposits  of  various  kinds  are 
throughout  the  western  coimtry,  but  as  yet  they  have  not  been 
lively  developed. 

lonite  is  the  coloring  material  of  yellow  clays  and  soils,  and 
with  fine  clay  makes  what  is  known  as  yellow  ocher.     Limo- 
conmionly  associated  in  its  occurrence  with  hematite,  turgite, 
isite,  calcite,  siderite,  etc. 

ne.     Derived  from  the  Greek  word  meaning  meadow,  in 

m.  to  its  occurrence  in  bogs. 

.    As  an  iron  ore.    As  a  pigment,  in  yellow  ocher. 

Bauxite. 

nposiUon.    A1,0(0H)4    or  Al20,.2H20  =  Alumina  73.9, 

26.1.    Often  impure. 

Btallisation.     Noncrystalline. 

leture.    In  round  concretionary  grains;  also  massive, 

',  claylike. 
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PhTBical  Propertte.    G.  =  2-2.55.    Dull  to  earthy  li 
Color  white,  gray,  yellow,  red. 

Tests.     Infusible.    Insoluble.    Assumes  a  blue  color 
moistened  with  cobalt  nitrate  and  then  ignited  (aluminium) 
Gives  water  in  C.  T. 

Occurrence.  Probably  usually  a  secondary  mineral  derived  fraoi 
the  decomposition  of  rocks  containing  aluminium  silicates.  SoaO' 
times  as  a  residual  deposit,  preserving  evidences  of  the  original  roflk 
structure;  sometimes  oolitic  and  concretionary  in  character  vA 
evidently  deposited  from  water.  May,  pertiaps,  at  times,  be  (fo* 
posited  by  waters  from  hot  springs.  Occurs  at  Baux,  near  kdn^ 
France,  in  disseminated  grains  in  limestone;  at  Allaudi,  near  l!l^ 
seilles,  France,  in  oolitic  form  with  calcite  as  cement  In  the 
United  States  the  chief  deposits  are  found  in  Georgia,  Alabama  and 
Arkansas. 

Use.  As  an  ore  of  aluminium,  in  the  manufacture  of  alumin- 
ium salts;  artificial  abrasives  and  bauxite  brick. 

Brucite. 

Composition.  Magnesium  hydroxide,  Mg(OH)i  =  Magneeia 
69.0,  water  31.0.     Iron  and  manganese  sometimes  present. 

Crystallization.  Hexagonal-rhombohedral.  Cr3rstals  usu- 
ally tabular  with  prominent  basal  planes,  showing  at  times  small 
rhombohedral  truncations. 

Structure.     Commonly  foliated,  massive. 

Physical  Properties.  Perfect  basal  cleavage.  Folia  flexible 
but  not  elastic.  Sectile.  H.  =  2.5.  G.=2.39.  Luster  on  base 
pearly,  elsewhere  vitreous  to  waxy.  Color  white,  gray,  light 
green.     Transparent  to  translucent. 

Tests.  Infusible.  B.B.  glows.  Gives  water  in  C.  T.  Easily 
soluble  in  hydrochloric  acid,  and  after  solution  has  been  made 
ammoniacal  an  addition  of  sodium  phosphate  gives  a  white 
granular  precipitate  of  ammonium  magnesium  phosphate  (test 
for  magnesium).  Recognized  by  its  foliated  structure,  Dj^t 
color  and  pearly  luster  on  cleavage  face.  Distinguished  from 
talc  by  its  greater  hardness  and  lack  of  greasy  feel. 

Occurrence.  Found  associated  with  serpentine,  dolomite,  mag- 
nesite,  chromite,  etc.,  as  a  decomposition  product  of  mngn^ntn 
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iBcates.  Notable  localities  for  its  occurrence  are  at  Unst,  one  of 
ilie  Shetland  Islands;  Aosta,  Italy;  at  Tilly  Foster  Iron  Mine, 
BniWBter,  New  York;  at  Wood's  Mine,  Texas,  Pennsylvania. 

Gibbsite.     Hydrargillite. 

Aluminium  hydroxide,  Al(OH)s.  Monoclinic.  Rarely  in  hex- 
^fonal-shaped  tabular  crystals.  Stalactitic  or  botryoidal.  Basal 
cleavage.  H.  =  2-3.5.  G.  =  2.3-2.4.  Luster  pearly,  vitreous  or 
fttdl.    Color  white.    Infusible.     Insoluble  in   hydrochloric   acid. 

Moistened  with  cobalt  nitrate  and  ignited  assumes  a  blue  color. 

^ater  in  C.  T.    A  rare  species,  most  conmionly  found  with  corun- 

Psilomelane. 

Of  uncertain  composition,  chiefly  manganese  oxides,  Mn02  with 
MnO  and  H2O,  also  small  amounts  of  barium  oxide,  cobalt  oxide, 
etc.  Noncrystalline.  Massive,  botryoidal,  stalactitic.  H.  =  5-6. 
G.  =  3.7-4.7.  Submetallic  luster.  Black  color.  Brownish  black 
streak.  Infusible.  A  small  amount  of  mineral  fused  in  O.  F.  with 
sodium  carbonate  gives  an  opaque  bluish  green  bead.  Gives  much 
water  in  C.  T.  Distinguished  from  the  other  manganese  oxides 
by  its  greater  hardness.  An  ore  of  manganese,  occurring  usually 
with  pyrolusite. 

CARBONATES. 

The  carbonates  are  grouped  into  two  divisions:  (1)  Anhydrous 
Carbonates;   (2)  Acid,  Basic  and  Hydrous  Carbonates. 

1.  ANHYDROUS  CARBONATES. 

CALCITE   GROUP. 

The  Colette  Group  consists  of  a  series  of  carbonates  of  the 
bivalent  metals,  calcium,  magnesium,  ferrous  iron,  manganese 
and  zinc.  They  all  crystallize  in  the  rhombohedral  class  of  the 
Hexagonal  System  with  closely  agreeing  crystal  constants.  They 
all  show  a  perfect  rhombohedral  cleavage,  with  the  angle  between 
the  cleavage  faces  varying  from  105°  to  108°.  The  Calcite 
Group  forms  one  of  the  most  marked  and  important  groups  of 
isomorphous  minerals,  its  chief  members  being  as  follows: 

Calcite,  CaCOs. 
Dolomite^  (Ca,Mg)COs. 
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Magnesiie,  MgCOi. 
Siderite,  FeCO.. 
Rhodockrosite,  MnCOi. 
SmUksonite,  ZnCOi. 

Calcite. 

Compodtioii.    Calcium  carbonate,  CaCOi  =  Carbon  dioiide 
44.0,  lime  56.0.    Small  amounts  of  magnedum,  ferroua 
manganese  and  zinc  may  replace  the  calcium. 

CiystaUization.  Hexagonal-rhombohedral.  Crystals  are  very 
varied  in  habit,  often  highly  complex.  Over  300  different  forms 
have  been  described.  Three  important  habits:  (1)  Prismatic,  in 
which  the  prism  faces  are  prominent,  in  long  or  short  prisms  nith 


basal  plane  or  rhombohedral  terminatione  (Figs.  273  and  2T4); 
(2)  Rhombohedral,  in  which  rhombohedial  fOTms  predominate, 


both  low  and  steep  rhombohedrons,  the  unit  (cleavage)  form  is 
not  common  (Figs.  269,  270,  271  and  272);  (3)  Scalenohedial,  io 
which  the  scalenohedrons  predominate,  often  with  prism  faces 
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rhombohedral   truncations   (Figs.  275,  276,  277,  278  and 
)1.  VIII).    All  possible  combinations  and  variations  of  these 


Fig.  276. 


Fig.  276. 


Fig.  277. 


>es.  Twinning  according  to  several  different  laws  frequent. 
;.  279  represents  one  type  of  twinning  in  which  the  basal 
ne  is  the  twinning  plane. 


Fig.  278. 


Fig.  279. 


Itructure.  Crystallized  or  crystalline  granular,  coarse  to  fine. 
0  fine-grained  to  compact,  earthy.  In  stalactitic  forms,  etc. 
^hsrsical  Properties.  Perfect  cleavage  parallel  to  unit  rhom- 
ledron  (angle  of  rhombohedron  =  105**  and  75®).  H.=  3. 
=  2.72.  Luster  vitreous  to  earthy.  Color  usually  white  or 
)rless.  May  be  variously  tinted,  gray,  red,  green,  blue, 
ow,  etc.  Also,  when  impure,  brown  to  black.  Usually 
isparent  to  translucent.  Opaque  when  impure.  Strong 
.ble  refraction,  hence  the  name  doubly-refracting  spar. 
'ests.  Infusible.  After  intense  ignition,  residue  gives  alka- 
reaction  to  moistened  test  paper.    Fragment  moistened  with 
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hydrochloric  acid  and  heated  gives  orange-red  flame.  Frag- 
ments effervesce  freely  in  cold  dilute  hydrochloric  acid.  Concen- 
trated solution  gives  precipitate  of  calcium  sulphate  when  a  few 
drops  of  sulphuric  acid  are  added;  no  precipitate  will  form  if 
solution  is  dilute.  Distinguished  by  its  softness  (3),  its  perfect 
cleavage,  light  color,  vitreous  luster,  etc.  Distinguished  from 
dolomite  by  the  fact  that  fragments  of  calcite  eflfervesce  freely 
in  cold  hydrochloric  acid,  while  those  of  dolomite  do  not. 

Varieties.  1.  Ordinary,  Calcite  in  cleavable  or  crjrstalline 
masses.  When  transparent  and  colorless  known  as  Iceland  spar^ 
because  of  its  occurrence  in  quantity  in  Iceland. 

2.  Limestone,   Marble y   Chalk,    Calcite   exists   in  enormoos 
quantities  in  the  form  of  limestone  rocks,  which  form  a  large 
part  of  the  sedimentary  strata  of  the  earth.     When  these  rocic 
nuisscs  have  been  subjected  to  great  heat  and  pressure  they 
(l(»v(^l()p  a  crystalline  structure,  usually  showing  cleavage  faces 
of  jzircatcr  or  less  size.    Crystalline  limestones  are  known  as 
niarhle.     On  account  of  various  impurities  and  throu|^  the 
I)rosenc(»  in  them  of  other  minerals,  they  assume  a  wide  range  of 
colors,  and  form  a  long  series  of  ornamental  stones  to  which 
\'arioiis  names  are  given.     Chalk  is  a  very  fine-grained,  pulveru- 
lent deposit  of  calcium  carbonate,  occurring  at  times  in  large 
bods.     It  has  been  formed  through  the  slow  accumulation  on 
the  sea  bottom  of  fragments  of  shells  and  of  the  skeletons  of 
minute  sea  animals. 

3.  Cdvc  Deposits,  etc.  Calcareous  waters  often  deposit  calcite 
ill  th(^  form  of  stalactites,  concretions,  incrustations,  etc.  It  is 
usually  semitranslucent,  of  light-yellow  colors.  Many  caves  in 
limestone  regions  are  lined  with  such  deposits.  Hot  calcareous 
spring  waters  may  form  a  deposit  of  calcite,  known  as  travertine ^ 
around  their  mouths.  Such  a  deposit  is  being  formed  at  the 
Mammoth  Hot  Springs,  Yellowstone  Park. 

4.  Siliceous  Cdlcites.  Calcite  crystals  may  inclose  consider- 
able amounts  of  quartz  sand  (up  to  60  per  cent)  and  form  what 
are  known  as  sandstone  crystals.  Such  occurrences  are  found 
at  Fontaincbleau,  France  (Fontainebleau  limestone),  and  in  the 
Bad  Lands,  South  Dakota. 
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OccuirenCB.  Calcite  is  one  of  the  moat  common  and  widely 
difTuaed  of  minerals.  It  occurs  as  enormous  and  widespread  sedi- 
mentary rock  massea,  in  which  it  is  the  predominant,  at  timea  prac- 
tically the  only  mineral  present.  Such  rocks  are  the  Lmestonea, 
marbles  (metamorphosed  limestones),  chalks,  calcareous  marls,  cal- 
careous sandstones,  etc.  The  limestone  rocks  have,  in  groat  part, 
\Ksa  formed  by  the  deposition  on  a  sea  bottom  of  great  thicknesses 
of  calcareous  material  in  the  form  of  shells,  skeletons  of  sea  ani- 
mals, etc.  A  smaller  proportion  of  these  rocks  have  been  formed 
directly  by  precipitation  of  calcium  carbonate.  It  occurs  us  a 
secondary  mineral  in  igneous  rocks  as  a  product  of  decomposition 
of  lime  silicates.  It  ia  found  lining  the  amygdaloidal  cayities  in 
lavas.  It  occurs  in  many  sedimentary  and  roetamorphic  rocks  in 
greater  or  leas  proportion.  It  is  the  cementing  material  in  the  light- 
colored  sandstones.  Calcite  is  also  one  of  the  moi~t  common  of 
vein  minerals,  occurring  as  a  gangue  material,  with  all  sorts  of 
metallic  ores. 

It  would  be  quite  impossible  to  specify  all  of  the  important  dis- 
tricts for  the  occurrence  of  calcite  in  its  various  forms.  Some  of 
the  more  notable  localities  in  which  finely  crystallized  calcite  m 
found  are  as  follows:  Andreaaberg  in  the  Ilarz  Mountaine;  various 
places  in  Saxony;  in  Cumberland,  Derbyshire,  Devonshire,  Corn- 
wall, Lancashire,  ICngland;  Iceland;  Guanajuato,  Mexico;  Joplin, 
Missouri;  Lake  Superior  copper  district;  Rossie,  New  York,  etc. 

Uae.  The  moat  important  use  for  calcite  ia  for  the  manu- 
facture of  lime  for  mortars  and  cements.  Limestone  when 
heated  to  about  1000°  F.  loses  its  carbonic  acid,  and  w  converted 
into  quicklime,  CaO.  This,  when  mixed  with  water  (slaked 
lime),  swells,  gives  off  much  heat,  and  finally  by  absorption  of 
carbon  dio.tide  from  the  air  hardens,  or,  as  commonly  termed, 
"sets."  Quicklime  when  mixed  with  sand  forms  the  common 
mortar  used  in  building.  Certain  limestones  contain  various 
clayey  matcriala  aa  impurities.  Cements  made  from  these  lime- 
stones have  the  valuable  property  of  hardening  under  water, 
and  are  known  as  hydraulic  cements.  Many  hydraulic  cements 
are  made  up  artificially  by  combining  their  ingredients  in  e.xperi- 
mentally  determined  proportions.  The  chemistry  of  the  process 
of  their  hardening  is  not  fully  understood,  but  various  silicates 
of  calcium  and  aluminium  arc  probably  formed.  Portland 
cement,  used  ao  largely  in  concrete  construction,  ia  a  mixture 
of  about  6  parts  of  lime,  2  parts  of  sihca,  and  1  part  of  alumina. 
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Chalk  is  used  as  a  fertilizer,  (or  whiting  and  wUtewash,  for 
crayons,  etc.  It  is  found  in  many  places  in  Europe,  the  ohsit 
cliffs  of  Dover  being  famous. 

Limestone  is  largely  used  as  a  building  material,  and  is 
tamed  in  the  United  States  chiefly  from  Pennsylvania,  Indiani,  I 
Ohio,  Illinois,  New  York,  Misaouri,  Wisconsin.     IJmestoDC  is 
lai^y  used  as  a  flux  for  smelting  various  metallic  or«9.   .i  ] 
fine-grained  limestone  is  used  in  lithographing. 

Marbles  are  used  very  extensively  as  ornamental  and  buiidinj 
material.  The  most  important  marble  quarries  in  the  VM 
States  are  found  in  Vermont,  New  York,  Georgia,  Tennessee,  etc 

Iceland  spar  is  valuable  for  optical  instruments,  being  used  in 
the  form  of  the  Nicol  prism  to  produce  polarized  light.  Obttuneii 
at  present  only  from  Iceland. 

Dolomite. 

CompoBition.  Carbonate  of  calcium  and  magneaui^' 
CaMg(CO.)i  =  Carbon  dioxide  47.S,  lime  30.4,  magnesia  21-'- 
VarietieJj  occur  in  which  the  proportion  of  CaCOi  to  MgC*J' 
is  not  as  1  :  1.  Small  amounts  of  ferrous  carbonate  frequeO"" 
replace  some  of  the  magneeium  carbonate.  Manganese  ia  J*-' 
present  at  times. 


,1^ 


Fig.  2f 


Fig.  281. 


CiTstallizatioii.       Ilcxagonal-rhombohedral.      Crystals  ^T^ 
usually  the  unit  rhombohedron  (cleavage  rhombohedron)  (P~*^, 
280).     Faces  often  curved,  and  sometimes  so  acutely  as  to  fo*" 
"saddle-shaped"  crystals  (Fig.  281).     Other  forms  r 

Structure.     In   coarse,  granular,  cleavable  masses  to  fit*^^_ 
grained  and  compact  aad  in  crystals. 
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Physical  Properties.  Perfect  rhombohedral  cleavage  (cleav- 
^  angle  =  106''  15').  H.  =  3.5-4.  G.  »  2.85.  Vitreous  lus- 
»;  pearly  in  some  varieties  (peari  spar).  Color  usually  some 
Wle  of  pinky  flesh  color;  may  be  colorless,  white,  gray,  green, 
>Town  and  black.    Transparent  to  translucent. 

Tests.  Infusible.  After  intense  ignition  a  fragment  will  give 
in  alkaline  reaction  to  moistened  test  paper.  Readily  soluble, 
vith  effervescence  in  hot  hydrochloric  acid;  fragment  only  slowly 
•ttacked  by  cold  dilute  acid  (difference  from  calcite).  Solution 
xidized  by  nitric  acid  and  then  made  ammoniacal  (may  pre- 
ipitate  ferric  hydroxide)  will  with  ammonium  oxalate  give  a 
hite  precipitate  of  calcium  oxalate;  filtrate  with  sodium  phos- 
^te  gives  granular  Vhite  precipitate  of  ammonium  magnesium 
^losphate.  Crystallized  variety  told  by  its  curved  rhombohe- 
^  crystals  and  usually  by  its  flesh-pink  color. 

Occurrence.  Dolomite  occurs  chiefly  in  widely  extended  rock 
^Q«8es  as  dolomite  limestone  and  marble.  Occurrence  same  as  for 
^cite  rocks.  The  two  varieties  can  only  be  told  apart  by  tests, 
^e  simplest  being  to  see  if  a  drop  of  cold  hydrochloric  acid  placed 
^  the  rock  will  produce  effervescence  (if  so,  rock  is  calcite;  if  not, 
^lomite).  Often  intimately  mixed  with  calcite.  Occurs  also  as  a 
-in  mineral,  chiefly  in  the  lead  and  zinc  veins  that  traverse  lime- 
"^ne.  Found  in  large  rock  strata  in  the  dolomite  region  of  southern 
^nt)l;  Binnenthal,  Switzerland;  northern  England;  JopUn,  Mis- 
^^i,  etc. 

Use.  As  a  building  and  ornamental  stone.  For  the  manu- 
tcture  of  certain  cements.  For  the  manufacture  of  magnesia 
Sed  in  the  preparation  of  refractory  linings  of  the  converters  in 
be  basic  st^l  process. 

Ankeritey  CaC0s.(Mg,Fe,Mn)C08,  is  a  subspecies  interme- 
iate  between  calcite,  dolomite  and  siderite. 

Magnesite. 

Ck>]npo8ition.  Magnesium  carbonate,  MgCOa  =  Carbon  di- 
ade  52.4,  magnesia  47.6.  Iron  carbonate  also  often  present. 
Crystallization.  Hexagonal-rhombohedral.  In  rhombohe- 
ul  crystals. 
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Structure.  Compact  earthy  forms  common,  also  less  fre- 
quently in  cleavable  granular  masses,  coarse  to  fine.  Also  com- 
pact.   Crj'stals  rare. 

Physical  Properties.  Perfect  rhombohedral  cleavage,  some- 
times distinct.  H.  =  3.5-4.5.  G.  =  ^-3.1.  Vitreous  luster. 
Color  white,  gray,  yellow,  brown.    Transparent  to  opaque. 

Tests.  Infusible.  After  intense  ignition  gives  a  faint  alkaline 
reaction  on  moistened  test  paper.  Scarcely  acted  upon  by  cold 
but  (li.ssfjlves  with  eflFervescence  in  hot  hydrochloric  acid.  Solu- 
tion, after  the  precipitation  of  any  iron  and  calcium,  gives  in 
the  presence  of  an  excess  of  ammonia,  with  sodium  phosphate,  a 
white  granular  precipitate  of  ammonium  magnesium  phosphate. 

Occurrence.  Found  associated  with  serpentine  rocks  as  a  product 
of  thfjir  alteration,  with  dolomite,  brucite,  etc.  Magnesite  is  mined 
to  a  small  extent  in  Tulare  Coimty,  California.  Most  of  the  mag- 
rif^ite  usf^i  in  the  United  States  is  imported,  coming  chiefly  from 
Stryia  in  Austria-Hungary  and  from  Greece. 

Use.  Magnesite  is  chiefly  used  in  the  preparation  of  mag- 
iKisite  bricks  for  refractory  linings  in  metallurgical  furnaces. 
Also  us(jd  in  the  preparation  of  magnesium  salts  (Epsom  salts, 
nmgn(jsia,  etc.). 

Siderite.     Spathic  Iron.     Chalybite. 

Composition.  Ferrous  carbonate,  FeCOi  =  Carbon  dioxide 
37.9,  iron  protoxide  62.1,  iron  =  48.2.  Manganese,  magnesium 
and  calcium  may  be  present  in  small  amounts. 

Crystallization.  Hexagonal-rhombohedral.  Crystals  usually 
unit  rhombohedrons  (same  as  cleavage  form),  frequently  with 
curved  faces. 

Structure.  Usually  cleavable  granular.  At  times  botryoidal, 
compa(;t  and  earthy.     More  rarely  in  crystals. 

Physical  Properties.  Perfect  rhombohedral  cleavage  (cleav- 
age angle  =  107°).  H.  =  3.5-4.  G.  =  4.5-5.  Vitreous  luster. 
Color  usually  light  to  dark  brown.    Transparent  to  opaque. 

Tests.  Difficultly  fusible  (4.5-5).  Becomes  strongly  mag- 
netic on  heating.  Heated  in  C.  T.  decomposes  and  gives  a 
black   magnetic   residue.    Soluble  in   hydrochloric  acid  with 
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ervescence;  solution  gives  with  potassium  ferricyanide  a  dark 
le  precipitate  (test for  ferrous  iron).    Recognized  usually  by 
color  and  cleavage. 

Varieties.  1.  Crystallized.  In  crystals  or  granular  cleavable 
isses. 

2.  Concretionary.    In  globular  concretions. 

3.  Clay  Ironstone.  Impure  by  admixture  with  clay  materials, 
metimes  in  concentric  layers.  Forms  stratified  bodies  with 
%\  formations,  etc. 

i.  Black-band  Ore.  An  impure  stratified  deposit  of  siderite, 
itaining  considerable  carbonaceous  matter.  Associated  with 
il  beds. 

Occurrence.  Found  in  the  form  of  clay  ironstone  and  black-band 
in  extensive  stratified  formations  associated  with  coal  measures, 
ese  ores  are  the  chief  source  of  iron  in  Great  Britain  and  are  found 
Staffordshire,  Yorkshire  and  Wales.  Clay  ironstone  is  also  abun- 
it  in  the  coal  measures  of  western  Pennsylvania  and  eastern  Ohio, 
i  it  is  not  used  to  any  great  extent  as  an  ore.  Siderite,  in  its 
stallized  form,  is  a  common  vein  mineral  associated  with  various 
tallic  ores,  as  silver  minerals,  pyrite,  chalcopyrite,  tetrahedrite, 
ma,  etc. 

fame.  The  original  name  for  the  mineral  was  spherosiderite, 
en  to  the  concretionary  variety  and  subsequently  shortened 
siderite  to  apply  to  the  entire  species.  Spathic  ore  is  a  com- 
n  name.  Ckalyhite^  used  by  some  mineralogists,  was  derived 
31  the  Chalybes,  who  lived  on  the  Black  Sea,  and  were  in 
ient  times  workers  in  iron. 

Jse.  An  ore  of  iron.  Important  in  Great  Britain,  but  of 
y  subordinate  value  in  the  United  States. 

Rhodochrosite. 

Joxnposition.  Manganese  protocarbonate,  MnCOs  =  Carbon 
dde  38.3,  manganese  protoxide  61.7.  Iron  is  usually  pres- 
,  replacing  a  part  of  the  manganese  and  sometimes  calcium, 
^esiiun,  zinc,  etc. 

Irystallization.  Hexagonal-rhombohedral.  Crystals  unit 
mbohedrons  (same  as  cleavage  rhombohedron),  frequently 
h  curved  faces. 
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Structure.  Usually  cleavable  massiye;  granular  to  compact. 
Rarely  in  crystals. 

Physical  Properties.  Perfect  rhombohedral  cleavage  (cleav- 
age angle  =  107°).  H.  =  3.5-4.5.  G.  =  3.45-3.6.  ^treous 
luster.  Color  usually  some  shade  of  rose-red;  may  be  light  pink 
to  dark  brown.    Transparent  to  translucent. 

Tests.  Infusible.  Soluble  in  hot  hydrochloric  acid  with 
effervescence.  Gives  reddish  violet  color  to  borax  bead  when 
heated  in  0.  F.  Told  usually  by  its  pink  color,  rhombohedral 
cleavage  and  hardness  (4).  Distinguished  by  its  hardness  from 
rhodonite  (MnSiO,)  (H.  =  5.5-6.5). 

Occurrence.  A  comparatively  rare  mineral,  occurring  in  veins 
with  ores  of  silver,  lead  and  copper,  and  with  other  manganese 
minerals.  Found  in  the  silver  mines  of  Hungary  and  Saxony.  In 
the  United  States  at  Branch ville,  Connecticut;  Franklin,  New 
Jersey;  in  good  crystals  at  Alicante,  Colorado,  etc. 

Name.    Derived  from  two  Greek  words  meaning  rose 
color ^  in  allusion  to  its  rose-pink  color. 
Use.    A  minor  ore  of  manganese. 


Smithsonite. 

Composition.  Zinc  carbonate,  ZnCO, = Carbon  dioxide  35.2, 
zinc  protoxide  64.8.  Iron  and  manganese  often  replace  a  part 
of  the  zinc;  also  at  times  calcium  and  magnesium. 

Crystallization.  Hexagonal-rhombohedral.  Rarely  in  small 
rhombohedral  or  scalenohedral  crystals. 

Structure.  Usually  reniform,  botryoidal  or  stalactitic  and  in 
crystalline  incrustations  or  in  honeycombed  masses  known  as 
dry-bone  ore.    Also  granular  to  earthy.    Distinct  crystals  rare. 

Physical  Properties.  Perfect  rhombohedral  cleavage,  which, 
on  account  of  the  usual  structure,  is  seldom  observed.  H.  =  5 
(unusually  high  for  a  carbonate).  G.  =  4.30-4.35.  Vitreous 
luster.  Color  usually  dirty  brown.  May  be  white,  green,  blue, 
pink,  etc.    Translucent  to  opaque. 

Tests.  Infusible.  Soluble  in  hydrochloric  acid  with  effer- 
vescence.   A  fragment  heated  B.  B.  in  R.  F.  gives  bluish  green 
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reaks  in  the  flanoie,  due  to  the  burning  of  the  volatilized  zinc, 
eated  in  R.  F.  on  charcoal  ^ves  a  nonvolatile  coating  of  zinc 
dde,  yellow  when  hot,  white  when  cold;  if  coating  is  moistened 
Lth  cobalt  nitrate  and  again  heated  it  turns  green.  Distin- 
lished  by  its  effervescence  in  acids,  its  tests  for  zinc,  its  hard- 
ess  (5)  and  its  high  specific  gravity. 

Occurrence.  It  is  a  zinc  ore  of  secondary  origiQ.  Found  in  con- 
tectbn  with  zinc  deposits  near  the  surface,  and  where  the  oxidized 
»re8  have  been  acted  upon  by  carbonated  waters.  Common  in 
oimection  with  zinc  deposits  lying  in  limestone  rocks.  Associated 
^th  sphalerite,  galena,  calamine,  cerussite,  calcite,  limonite,  etc. 
^ten  found  in  pseudomorphs  after  calcite.  ** Dry-bone  ore^^  is  a 
honeycombed  mass,  with  the  appearance  of  dried  bone,  whose 
'tiTQcture  has  resulted  from  the  manner  of  deposition  of  the  mineral, 
^e  calamine,  the  silicate  of  zinc,  is  included  under  the  term, 
^urs,  as  an  ore,  in  the  zinc  deposits  of  Missouri,  Arkansas,  Wis- 
^iisin,  Virginia,  etc.  Found  at  times  in  translucent  green  or 
'^nish  blue  material  which  is  available  for  ornamental  uses.  Such 
'Uthsonite  is  found  at  Laurium,  Greece,  and  at  Kelly,  New  Mexico. 

Name.    Named  in  honor  of  James  Smithson  (1754-1829), 
io  founded  the  Smithsonian  Institution  at  Washington.    Eng- 
h  mineralogists  call  the  mineral  calamine,  using  either  electric 
lamine  or  hemimorphite  as  the  name  for  the  silicate. 
XTse.    An  ore  of  zinc. 


ARAGONITE  GROUP. 

The  Aragonite  Group  consists  of  a  series  of  carbonates  of  the 
v'alent  metals,  calcium,  strontium,  barium  and  lead,  which 
yrstallize  in  the  Orthorhombic  System  with  closely  related  crys- 
l  constants  and  similar  habits  of  crystallization.  All  of  them 
pear  at  times  in  twin  crystals  which  are  pseudohexagonal  in 
aracter.    The  members  of  the  group  are: 

Aragonite f  CaCOs. 
Strontianitef  SrCOj. 
Witherite,  BaCO,. 
Centssitej  PbCOj. 
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Aiagonite. 

CompcwiUotL  Calcium  carb(Hut«,  like  calate,C>00)  3  Ck- 
Ik>ii  liiuxitle  44,  lime  56.  MaytxMitaina  little  BUunlium  oImI, 
rarnly  zinc. 

CryitaUlsaUon.  Orthorhombic  Three  prominait  hiUud 
cryMtulli'Uiliori:  (1>  Acicular  pyramidal;  wntmjating  of  apriM 
U.-riuiiiiiti^J  by  a  combination  of  a  very  ttbeep  pynmid  ui 
l^nicliydoiiie  (i*i«  Fig.  282;  and  B,  pi.  VIII).  Usually  in  i^ 
utiiifc  KToutiH  of  large  to  very  small  crystals.  (2)  Tabular;  cot- 
nitftinK  of  pruiaincnt  brachyptnacoid  faoea  mtwlififd  by  a  piB 


Kin.  Wi.  Fia.  2B3.  FIc  3S4.  FW-  tU- 

nnd  a  low  brochyclomc  (Fig.  283).  Often  tvinned  with  a  prin* 
filing  an  It  twitiiiiiiK  plane  (Fig.  284).  (3)  In  peeudohexsguul^ 
twitiH  (l-'in-  285).  Thin  type  ahowB  a  hexagonal-like  [Mimnter- 
iiiitiiilinl  ljy  u  ba,sul  plane,  and  ia  formed  by  an  intei^roirth  of 
tlirn-  iuiliviiiiialu  with  basal  planes  in  common  and  thw  piisK 
Uvn\n  riilliiiK  juirtiy  in  the  tiame  plane,  and  partly  with  only 
HliKlitly  'liCToreiit  positions.  The  cryetals  are  diatinguiahed  fio>>> 
true  liexiiKoiiii!  foriiui  by  noting  that  the  basal  plane  is  Btristal 
111  tliriM!  (lifT<;n^iit  ilirectiomi,  and  also  by  the  fact  that,  becssn 
lli<!  prixin  hiikIc  of  llic  simple  crystals  is  not  exactly  60°,  ^ 
eoiiipoHiU!  priHin  fueeH  for  the  twin  will  often  show  sligb^i^ 
(intriLJit  iliikIcs. 
Stnioture.    In  crystals.    Also  reniform,  columnar,  stalsotilvii 
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Phfileal  Propeitlei.  Vitreous  luster.  Colorless,  white,  pale 
llow  aDd  variously  tinted.  Transparent  to  translucent.  H.  = 
(-4.  G."  2.95  (harder  and  heavier  than  calcite). 
TMts.  Infusible.  Decrepitates.  After  intense  ignition  the 
<wder  gives  an  alkaline  reaction  on  moistened  test  paper, 
"^qients  fall  to  powder  (change  to  calcite)  when  heated  at  low 
dness  in  C.  T.  Chemieal  tests  same  as  for  calcite  (page  205). 
istii^ished  from  calcite  by  its  lack  of  cleavage,  and  the  fact 
lat  fr^menta  fall  to  powder  when  heated  in  C.  T. 

Occurrencfl.  Less  stable  than  calcite  and  much  leas  common  in 
^occurrence.  Usually  found  as  a  vein  mineral.  Experiments  have 
wwn  that  carbonated  waters  containing  calcium  more  often  deposit 
'Wnite  when  they  are  hot  and  calcite  when  they  are  cold.  Some  sea 
iellsttrecomposedentirely  or  inpartof  aragonite.  The  pearly  layer 
'  many  shells  is  aragonite.  It  has  been  noted  that  the  aragonite 
wUa  are  not  readily  preserved  as  fossils,  being  easily  dissolved  or 
^t^rated,  or  at  times  apparently  slowly  changing  to  calcite. 
^^niteismostcommonlyfoundassociated  with  beds  of  gypsum  and 
Posits  ot  iron  ore  (where  it  eometimes  occurs  in  forme  resembling 
■aj,  and  is  called  fioe  Jerri,  flower  of  iron).  At  times  found  lining 
ygdaloidal  cavities  in  basalt.  Found  frequently  with  pyrite, 
'■copy rite,  galena,  malachite,  etc.  Notable  localities  for  the 
tQua  crystalline  types  are  as  follows:  Pseu  do  hexagonal  twin 
atals  are  found  at  Aragon,  Spain;  Bastennes,  in  the  south  ot 
tice;  and  at  Girgenti,  Sicily,  The  tabular  type  of  crystals  is 
Q.d  near  Bilin,  Bohemia.  The  acicular  type  is  found  at  Alston 
or  and  Cleator,  Cumberland,  England.  Flos  ferri  is  found  in 
Stryian  iron  mines.  Stalactitic  forms  occur  in  Buckingham- 
•e  and  Devonshire,  England,  and  Lanarkshire,  Scotland.  A 
ous  banded  form  of  a  delicate  blue  color  comes  from  Chile. 

Witherite. 
3ompoaltlon.  Barium  carbonate,  BaCOg  = 
rbon  dioxide  22.3,  barium  oxide  77.7. 
<r;8tallUfttioQ.  Orthorhombic.  Crystals 
'ays  twinned,  forming  pseudohexagonal  pyra- 
Is  by  the  intergrowth  of  three  individuals 
[uinated  by  brachydomes  (Fig.  286).  Crys- 
3  sometimes  doubly  terminated;  often  deeply 
ated    horizontally   and  by   a  series  of  re- 
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ectra&t  angles  have  the  appearance  of  one  pyramid  oqipiDK 
another. 

Stmeture.  In  twin  crystals,  abo  botryoidal  to  globular, 
columnar  or  granular. 

Phyiical  Propwrtlaa.  H.  =  3.5.  G. »  4L3.  Mtreous  luster. 
CoIorlesA,  white,  gray.    Translucent. 

TatU.  Easily  fusible  at  2.5-3,  giving  a  ydhnridi  green  fluoe 
^barium;.  After  intense  ignition  ^ves  an  •ifc^lmo  leaetioD  on 
moihiened  test  paper.  Soluble  in  hydrochloric  acid  inth  eAf- 
vesfrenoe.  All  solutions,  even  the  y&j  dilute,  give  precipititcof 
barium  sulphate  with  sulphuric  add  (differenee  from  cdriom 
and  htrontiumj.     Hea\'>'. 

Occurrenea.  A  comparatively  rare  mincfiL  Found  in  fine  oyi- 
X'Aa  at  Hexham  in  Northumberland  and  Aktca  Moor  in  Comber- 
land.  Occurs  at  Tamowitz  in  Silesia;  Leogang  in  SaUing;  netf 
l>rxington,  Kentucky;  Thunder  Bay,  I^ke  8upi*rior. 

Uie.    A  minor  source  of  barium  compounds. 


Composition.  Strontium  carbonate,  SKX)i  >-  Carbon  dioxide 
2(i.O,  Ktrontia  70.1.    A  little  calcium  sometimes  present. 

Crystallisation.  Orthorhombic.  Crystals  usually  adcular, 
liko  type  (1)  under  aragonite.  Twinmng  also  frequent,  giving 
at  times  pscudohexagonal  forms. 

Structure.  Radiating  crystallized,  also  columnar;  fibrous 
and  granular. 

Physical  Properties.  H.=  3.5-4.  G.=  3.7.  Vitreous  luster. 
White,  gray,  yellow,  green.    Transparent  to  translucent. 

Tests.  Infusible.  On  intense  ignition  throws  out  fin^ 
liranclies  and  gives  a  crimson  flame  (strontium)  and  residue 
gives  alkaline  reaction  on  moistened  test  paper.  Effervescence 
in  Ijydrfjcliloric  acid,  and  the  mediumly  dilute  solution  will  give 
precipitate  of  strontium  sulphate  on  addition  of  a  few  drops  d 
sulphuric  acid;  no  precipitate  will  form  in  the  very  dilute  solution 
difT(jrence  from  calcium  and  barium).  Usually  necessary  to 
make  the  above  tests  to  determine  the  mineral. 
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ice.  A  comparatively  rare  mineral.  Originally  found 
i  in  Argyllshire.  Occurs  also  with  lead  ores  at  Pateley 
ishire;  at  Hamm  and  Munster,  Westphalia;  at  Schoharie, 
etc. 

IS  DO  great  commercial  use.  A  minor  source  of  stron- 
ounds,  used  in  fireworks  and  in  the  separation  of 
molasses. 

Cerussite. 

tion.  Lead  carbonate,  PbCOs  =  Carbon  dioxide 
xide  83.5. 

sation.  Habit  varied  and  crystals  show  many  forms, 
ten  tabular  parallel  to  brachy- 
i'ig.  287).  Frequently  twinned, 
itice-like  groups  with  the  plates 
ch  other  at  60°  angles  (pi.  IX). 
pyramidal  in  habit;  also  twinned 
lexagonal  pyramids,  frequently 
reentrant  angles  in  the   prism 


Fig.  287, 


e.     In  crystals  or  in   granular 

aggregates;    fibrous;     granular 
)mpact;  earthy. 

Properties.     H.  =  3-3.5.    G.  =  6.55   (high  for  a 
,h  nonmetallic  luster).    Adamantine  luster.    Color- 
or  gray.    Transparent  to  almost  opaque. 
Easily  fusible  (1.5).    With  sodium  carbonate  B.  B. 

gives  globule  of  lead  and  yellow  to  white  coating  of 

Soluble  in  warm  dilute  nitric  acid  with  effervescence, 
lally  decrepitates  and  is  changed  to  lead  oxide,  which 
)w  when  hot.  Recognized  by  its  high  specific  gravity, 
and  adamantine  luster. 

ice.  An  important  and  widely  distributed  lead  ore  of 
rigin,  formed  by  the  oxidation  of  galena  in  the  presence 
sd  waters.  Found  in  the  upper  and  oxidized  zone  of 
ssociated  with  galena,  anglesite,  sphalerite,  smithsonite, 
etc.  Notable  localities  for  its  occurrence  are  Ems  in 
iee,  Bohemia;    Nerchinsk,  Siberia;    Broken  Hill,  New 
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South    Wales;   Phoenixville,    PeDDsylvania;    Leadville,  Colondo, 
various  districts  in  Arizona,  etc. 

Use.    Ad  importaDt  ore  of  lead. 


Phosgemtef  a  chlorocarbonate  of  lead  (PbCl)jCOi,  tetragonal 
in  crystal] izatioD,  is  a  rare  member  of  the  Anhydrous  Carbonate 
Division. 

2.  ACID,  BASIC  AND  HYDROUS  CARBONATES. 
Malachite.     Green  Copper  Carbonate. 

Composition.  Basic  carbonate  of  copper,  (Cu.OH)2C0t  or 
CuC0a.Cu(0H)2  =  Carbon  dioxide  19.9,  cupric  oxide  71.9,  watff 
8.2.     Copper  =  57.4. 

Crystallization.  Monoclinic.  Crystals  usually  slender  pris- 
matic but  seldom  distinct. 

Structure.  Usually  radiating  fibrous  with  botryoidal  or  stal- 
actitic  structure  (see  Fig.  C,  pi.  III).    Often  granular  or  earthy. 

Physical  Properties.  Perfect  basal  cleavage.  H.  «  3.M. 
CJ.  =  3.9-4.03.  Adamantine  to  vitreous  luster  in  crystab;  often 
silky  in  fibrous  varieties;  dull  in  earthy  type.  Color  bright  green. 
Translucent  to  opaque. 

Tests.  Fusible  (3) ,  giving  a  green  flame.  With  fluxes  in  R.  F. 
on  charcoal  gives  copper  globule.  Soluble  in  hydrochloric  acid 
with  cfTervcscence.  Solution  turns  deep  blue  with  excess  of 
ammonia.  Much  water  in  C.  T.  Recognized  by  its  bright 
green  color  and  radiating  fibrous  structure. 

Occurrence.  An  important  and  widely  distributed  copper  ore  of 
Kocondury  origin.  Found  in  the  oxidized  portions  of  copper  veins 
umoc'mUid  with  uzurite,  cuprite,  native  copper,  iron  oxides  and  the 
various  sulphidoH  of  copper  and  iron.  Usually  occurs  in  copper 
veins  that  lie  in  limestones.  Notable  localities  for  its  occurrence 
are  at  Nizhni  Tagilsk  in  the  Ural  Mountains;  at  Bembe  on  west 
cooHt  of  Africa;  in  the  copper  mines  in  Chile;  in  New  South  Wales. 
In  the  United  Stat(>s,  an  important  copper  ore  in  the  southwestern 
copper  districts;  at  HislxK^,  Morenci,  and  other  localities  in  Arifona; 
in  Now  Mexico;  at  Cannanca,  in  northern  Mexico. 
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Name.  Derived  from  the  Greek  word  for  mallows,  in  allusioQ' 
a  its  green  color. 

Dm.  All  important  ore  of  copper.  Has  beca  used  to  Bomsi 
stent  aa  an  ornamental  material  tor  vasea,  veneer  for  table  tops, 
t«. 

Azurite.  Chessylite.  Blue  Copper  Carbonate. 
Compoaitioti.  A  basic  carbonate  of  copper,  Cu(Cu.OH)i(COi)» 
r  2CuC0,.Cu{0H}i  =  Carbon  dioxide  25.6,  cuprio  oxide  ( 
ater  5.2.  Copper  =  55.3. 
CtTStalUzation.  Monoclinio.  Habit  varied.  Crystals  fre- 
uently  complex  and  distorted  in  development,  aometimea  ia 
idiatitig  spherical  groups. 
Structure.  Crystallized.  In  radiating  botryoidal  structure, 
artliy. 

Physical  Properties.  H.=  3.5-4.  G.=  3.77.  Vitreous  fua- 
r.  Intense  azure-blue  color.  Transparent  to  opaque. 
Tests.  Same  as  for  malachite  (which  see),  Characteriaed 
liefly  by  its  azure-blue  color. 

Occurrence.     Origin   and  assopiatioiis  same  as  for  malacliitc. 
jiind  in  fine  prystals  at  CheHsy,  France;    in  Siberia;    at  Copper 
leen  Mine,   Bisbee,  Arizona.      Widely   distributed   with    copper 
es.    Not  so  common  aa  malachite. 
Nuoe.     Named  in  allusion  to  its  color. 
Uie.     An  important  ore  of  copper. 

Aurichalcite. 
A  baaic  carbonate  of  zinc  and  copper,  2(Zn,Cu)COj.3(Zn,Cu)(OH), 
acicular  erystola,  forming  drusy  inerustationH.  H=2.  G.= 
i.  Pearly  luster.  Color  pale  green  to  blue.  Infusible.  Soluble 
hydrochloric  acid  with  effervescence.  Solution  turns  blue  with 
omonia  in  excess.  Fused  in  R.  F.  on  charcoal  with  sodium  cur- 
rnate  n^ves  a  nonvolatile  coating;  of  zinc  oxide  (yellow  when  hot, 
lite  when  cold).  Wafer  in  C.  T.  A  rare  mineral,  found  in  the 
idized  zones  of  copper  veiiia. 

Gay-Lussite. 

A  hydrous  carljonate  of  calcium  and  sodium,  CaCOj.Na-COj.SHiO. 
onoclimc.     In  rude  crystals  with  uneven  surfaces.     Often  wedge- 
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Hhaped,  Priamatic  cleavage.  H.  =  2-3.  G.^^  1.99.  Vitreouslus- 
tcr.  Colorless,  white,  gray.  Fusible  at  1.5,  giving  yellow  fiame 
of  Bodium.  Gives  alkaline  reaction  after  ignition.  Effervesces  in 
acids.  Concentrated  hydrochloric  acid  solution  gives  precipitat«of 
calcium  sulphate  with  sulphuric  acid.  A  rare  species,  found  in  sslt- 
lakc  deposits  at  Mcrida,  Venezuela,  and  near  Ragtowo,  Nevada. 

Other    rarer   species    in    thia   division    include    kydrozincite, 
ZnC0,.2ZD(0H),;     Irona,     Na,C0,.HNaCO,.2H,O;     kydTomof- 

negile,  3MgCO,.Mg(0H),.3H,O. 


The  silicates  form  the  largest  single  section  of  the  Chemical 
Classification  of  Minerals.  They  may  be  divided  into  (1)  An- 
hydrous Silicates,  (2)  Hydrous  Silicates. 

ANHYDROUS  SILICATES. 
This  section  may  be  subdivided  into  (I)  Diailicales,  Polggili- 
calcs,  being  salts  of  diailiciu  add,  HjSiiOs,  or  polysilicic  acid, 
H^SigOt;  (2)  MetasiHcates,  being  salts  of  metasilicic  acid,  H^O^ 
(3)  Orlbositicales,  being  salts  of  orthosilicic  acid,  H.SiO,;  (4)  Swfr- 
silicates,  including  various  basic  species. 

1.   DISILICATES,   POLTSILICATBS. 

The  only  representative  of  the  disilicates  of  sufficient  impor- 
tance to  warrant  mention  here  is  the  rare  Uthium  mineraJ,  petsl- 
ite,  LiA](SiiOi)!. 

THE   FELDSPAR   GROUP. 

The  feldspars  form  one  of  tlie  most  important  of  minenl 
groups.  They  are  polysilicates  of  aluminium  with  cither  potas- 
sium, sodium  and  calcium  and  rarely  barium.  They  may  belong 
to  cither  the  raonoclinic  or  the  triclinic  systems  but  with  the 
crystals  of  the  different  species  resembling  each  other  closely  in 
angles,  habits  of  crystallization,  and  methods  of  twinning.  They 
all  show  cleavages  in  two  directions  which  make  an  angle  of  90°, 
or  closely  90°,  with  each  other.  Hardness  is  about  6  and  spe- 
cific gravity  2.6. 


0RTH0CLA3B 


HONOCLIHIC  SKGTIOM. 
OrthocUse.    Potash  Feldapar. 

Potasaium-aliimi ni urn  silicate,  KAlSiiO,  = 
KHca  64.7,  alumina  IS. 4,  potash  16.9.  Soda  sometimes  re- 
jdaces  a  portion  of  the  potash. 

CiystallizAtioii.  Mouoclinic.  Crystals  are  usually  prismatic 
in  habit  and  have  as  prominent  forms,  clinopinacoid,  base,  prism, 
with  often  smaller  orthodomes  (figs.  2SS,  289  and  290).     Fre- 


quently twinned;  Carlsbad  with  cliDOpinacoid  as  twinning  plane 
(Fig.  291);  Baveno  with  cUnodome  as  twinning  plane  (Fig.  292); 
Manebach  with  base  as  twinning  plane  {Fig.  293). 


Structure.  Usually  crystalhzed  or  coarsely  cleavable  to  granu- 
lar; more  rarely  fine-grained,  massive  and  cryptocrystalline. 


222  MANUAL  OF  MINERALOGY 

Physical  PropertieB.  Two  prominent  cleavages  (one  paialU 
to  base,  perfect:  the  other  parallel  to  clinopinacoid,  good),  mak- 
ing an  angle  of  90**  with  each  other.  H.=  6-6.5.  G.=  2.5-2.6. 
Luster  vitreous.  Colorless,  white,  gray,  flesh-red,  more  rarely 
green.    Streak  white. 

Varieties.  Common  feldspar  is  the  usual  opaque  variety. 
Advlaria  is  white  or  colorless  and  translucent  to  transparent. 
Some  adularia  shows  an  opalescent  play  of  colors,  and  is  called 
moonstone.  Most  of  the  moonstones,  however,  belong  to  the 
members  of  the  plagioclase  feldspar  series.  SanidinCf  or  glassji 
feldspar,  is  a  variety  occurring  in  glassy,  often  transparent, 
phenocrysts  in  eruptive  rocks. 

Tests.  Difficultly  fusible  (5).  Insoluble  in  acids.  Wh«i 
mixed  with  powdered  gypsum  and  heated  on  platinum  wire  pvea 
the  violet  flame  of  potassium.  Usually  to  be  recognized  by  its 
color,  hardness  and  cleavage.  Distinguished  from  the  other 
feldspars  by  its  right-angle  cleavage  and  the  lack  of  striations 
on  the  best  cleavage  surface. 

Alteration.  When  acted  upon  by  waters  carrying  carbon 
dioxide  in  solution,  orthoclase  alters,  forming  a  soluble  carbonate 
of  potassium  and  leaving  as  a  residue  either  a  mixture  of  kaolin 
(H4Al2Si209)  and  quartz  (Si02),  or  of  muscovite  (H,K(AlSi04)i) 
and  quartz.  Kaolin  forms  the  chief  constituent  of  clays  and 
has  been  derived  in  this  manner. 

Occurrence.  One  of  the  most  common  of  minerals.  Widely  dis- 
tributed as  a  prominent  rock  constituent,  occurring  in  all  types  of 
rocks;  igneous,  in  granites,  syenites,  porphyries,  etc.;  sedimentary, 
in  certain  sandstones  and  conglomerates;  metamorphic,  in  gneiflses. 
Also  in  large  crystals  and  cleavable  masses  in  pegmatite  veins,  asso- 
ciated chiefly  with  quartz,  muscovite  and  albite.  These  veins  are 
to  be  found  where  granite  rocks  abound.  Large  veins  of  this  char- 
acter from  which  feldspar  is  quarried  in  considerable  amoimts  occur 
in  the  New  England  and  Middle  Atlantic  states,  chiefly  in  Maine, 
Connecticut,  New  York,  Pennsylvania  and  Maryland. 

Name.  The  name  orthoclase  refers  to  the  right-angle  cleavage 
possessed  by  the  mineral.  Feldspar  is  derived  from  the  Gennan 
word  feldf  field. 
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Vm.  Orthodase  is  chiefly  used  in  the  manufacture  of  porce- 
Gun.  It  is  ground  very  fine  and  mixed  with  kaolin,  or  clay,  and 
Luartz.  When  heated  to  high  temperature  the  feldspar  fuses 
md  acts  as  a  cement  to  bind  the  material  together.  Fused 
eldspar  also  furmshes  the  major  part  of  the  glaze  on  porcelain 
^are. 

A  rare  bariuxn  feldspar,  hycUophane  (K2,Ba)AlxSi40is,  belongs 
lere. 

TBICLINIC  SECTION. 

Microcline. 

Goxnposition.  Like  orthoclase,  KAlSisOg  =  Silica  64.7,  alu- 
nina  18.4,  potash  16.9. 

Crystallization.  Triclinic.  Axial  lengths  and  angles  only 
dig^tly  different  from  those  of  orthoclase.  Ordinarily  the  crys- 
als  of  the  two  species  cannot  be  told  apart  except  by  very 
iccurate  measurements  or  a  microscopical  examination.  Micro- 
iline  crystals  are  usually  twinned  according  to  the  same  laws 
\8  orthoclase.  Also  microscopically  twinned  according  to  the 
Jbite  and  pericline  laws,  characteristic  of  the  triclinic  feldspars. 
k.  thin  section  of  microcline  under  the  microscope  in  polarized 
i^t  usually  shows  a  characteristic  grating  structure,  caused  by 
he  crossing  at  nearly  right  angles  of  the  twin  lamellae  formed 
Lccording  to  these  triclinic  twinning  laws.  Orthoclase,  being 
nonoclinic,  could  not  show  such  twinning. 

Structure.    In  cleavable  masses  or  in  crystals. 

PfaiyBical  Properties.  Cleavage  parallel  to  base  and  brachy- 
)inacoid,  with  angle  of  89°  30'  (orthoclase  would  have  90°). 
I.  =  6-6.5.  G.  =  2.54-2.57.  Vitreous  luster.  Color  white 
o  pale  yellow.  Also  sometimes  green  {Amazon  stone)  or  red. 
rransparent  to  translucent. 

Tests.  Same  as  for  orthoclase.  The  two  species  only  to  be 
iistinguished  from  each  other  by  careful  examination  (see  above). 

Occurrence.  Same  as  for  orthoclase.  Much  that  passes  as  ortho- 
;lase  in  reality  is  microcline.  Occurs  with  a  green  color  in  the  Ural 
Vlts.  and  at  Pike's  Peak,  Colorado,  and  is  known  as  Amazon  stone. 
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Name.  Microcline  is  derived  from  two  Greek  words  meaning 
little  and  inclined,  referring  to  the  slight  vanation  of  the  cleavage 
angle  from  90°. 

Use.  Same  as  for  orthoclase.  Amazon  stone  is  at  times 
polished  and  used  as  an  ornamental  material. 

THE   PLAQIOCLASE   FELDSPARS.     ALBITE-ANOBTmn 

SERIES. 

The  triclinic  soda-lime  feldspars  embrace  a  series  of  isomor- 
l)hoiis  minerals  varying  in  composition  from  albite,  NaAlSijOi,to 
anorthite,  CaAUSioOg.  These  two  molecules  can  replace  each 
other  in  any  proportion,  and  as  a  consequence  a  practically  com- 
plete series  may  be  found  from  the  pure  soda  feldspar,  and  then 
with  gradually  increasing  amounts  of  the  anorthite  molecule, 
to  the  pure  lime  feldspar.  Definite  names  have  been  given  to 
various  mixtures  of  these  two  molecules,  the  more  important 
being  listed  below: 

Albite,  NaAlSiiOg. 

OUgoclase,    SNaAlSiiOg.  ICaAljSijOg. 

Andesine,      INaAlSiaOg-lCaAliSiiOg. 

Labradorite,  INaAlSiaOg.SCaAliSijOg. 

Anorthite,      CaA^SijOg. 

These  triclinic  feldspars  crystallize  in  forms  closely  resembling 
those  of  the  monoclinic  orthoclase,  and  the  axial  lengths  and  in- 
clinations are  also  closely  the  same.  This  similarity  in  the  crys- 
tal structure  between  the  monoclinic  and  triclinic  feldspars  is 
best  shown  by  a  comparison  of  the  cleavage  angles  of  the  different 
species,  that  of  orthoclase  being  90°,  of  albite  86°  24',  and  of 
anorthite  85°  50'.  The  triclinic  feldspars  are  often  known  as 
the  plagioclase  feldspars,  because  of  their  oblique  cleavage. 

The  crystals  of  the  plagioclase  feldspars  are  frequently  twinned 
according  to  the  various  laws  governing  the  twins  of  orthoclase, 
i.e.,  the  Carlsbad,  Baveno  and  Manebach  laws.  They  are  also 
practically  always  twinned  according  to  one  or  both  of  two  laws, 
known  as  the  albite  and  pericline  laws.  The  twiiming  plane 
in  the  albite  law  is  the  brachypinacoid,  which  corresponds  to 
the  clinopinacoid  in  orthoclase.    The  angle  between  the  basal 


plane  and  this  twinning  plane  is  not  90°,  but  about  86°;  so  that 
if  one  ime^nes  a  triclinic  fcldapar  crystal  cut  in  two  along  this 
plane  and  one-half  revolved  180°  from  its  ori^nal  position 
upon  an  axis  perpendicular  to  the  plane,  there  would  then  be 
fonned  a  shallow  trough  along  the  upper  surface  of  the  crys- 
tal, because  the  ba^  planes  of  the  two  adjacent  halves  would 
Hot  lie  in  the  same  plane,  but  rather  slope  at  a  slight  angle 
toward  each  other.  This  sort  of  twinning  is  commonly  repeated 
many  times  in  a  single  crystal,  and  gives  rise  to  thin  lamellas,  each 
one  in  twin  position  in  respect  to  those  on  either  side  (see  Figs. 
296  and  297).  Consequently  a  basal  plane  or  cleavage  surface 
•rfsiioh  a  twinned  crystil  will  be  crossed  by  a  number  of  parallel 
Bwivings  or  atriations  (Rg.  298).  Many  times  these  striations 
*re  so  fine  as  not  to  be  visible  to  the  unaided  eye,  but  also  at 
"OKs  they  are  coarse  and  easily  seen.  The  presence  of  these 
"Wation  lines  upon  the  better  cleavage  surface  of  a  feldspar  is 
*"ie  of  the  best  proofs  that  it  belongs  to  the  plagioclase  series. 
^1  the  pericline  law  the  twinnii^  axis  is  the  6  crystal  lographic 
*tis,  and  when  this  results  in  polysynthetic  twins  the  consequent 
atriations  are  to  be  seen  on  the  brachypinacoid. 

Albite.    Soda-feldspar. 

CompoaiUon.  Sodium-aluminium  silicate,  NaAlSiiOg=  Silica 
68.7,  alumina  19.5,  soda  11.8.  Calcium  is  usually  present  in 
small  amount  in  the  form  of  the  anorthite  molecule,  CaAltSiiOg. 

Crystftlllzfttion.    Triclinic.    Usually  in  tabular  crystals  paral- 


I^.  304.  pig.  2S5.  Fig.  290.    AlbiM  Twin. 

lel  to  brachypinacoid  (Fig.  294).     Sometimes  elongated  parallel 
to  b  crystal  axis  (Fig,  295).    Twinning  very  common,  according 
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to  the  albite  law  (see  above)  and  evidenced  by  fine 
oa  the  better  cleavage  Buifaoe  (flp.  297  and  29f 
according  to  the  other  laws  frequent. 


Flc-ltS.    AlUta  Twimii^ 


Structure.  Commonly  masdve,  dther  lamellar  with  bmeite 
often  curved  or  in  cleavable  masaes.    Distinct  crystals  rare. 

Physical  Propntles.  Perfect  cleavage  parallel  to  base;  good 
cleavage  parallel  to  brachypinacoid.  Cleavage  angle  86°  24'. 
H.  =  6.  G.  =  2.62.  Vitreous  luster;  sometimes  pearly  on  cleav- 
age surface.     Colorless,  white,  gray.    Transparent  to  opaque. 

Tests.  Fusible  at  4-4.5,  giving  yellow  flame  (sodium).  In- 
Bolul)Ic  in  acids.  Characterized  by  its  hardness,  white  color, 
clcttvagc,  frequently  curved  lamellar  structure,  striati(»iB  oa 
better  cleavage  surface,  etc. 

Occurrencs.  Like  orthoclase,  a  widely  distributed  and  important 
rook-making  mincrul.  It  occurs  in  all  classes  of  rocks,  but  particu- 
lariy  in  those  »f  igneous  origin,  such  as  granites,  syenites,  porpby- 
riea  and  fcLsiti.'  Invos.  Found  commonly,  also,  in  pegmatite  vdm. 
Notable  localitira  for  albite  are  to  be  found  in  Switserland  and  the 
Tyrol;  in  the  United  States  at  Paris,  Maine;  Chesterfield,  Mia- 
sachuaetta;  Itaddam  and  Branchville,  ConneotJout;  Amelia  Court 
House,  Virginia,  etc. 

Name.    From  tfac  Latin  aibtts,  white,  in  allusion  to  its  color. 

Use.  Has  the  same  uses  as  orthoclase,  but  not  so  commonly 
employed.  Some  varieties,  when  polished,  show  an  opakecent 
play  of  colors  and  arc  known  as  moonstonet.    Other  e 
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of  the  plagioclase  series  and  orthoclase  show  at  times  this  same 
effect.  The  stones  are  usually  cut  in  round  or  oval  shapes  and 
are  valued  up  to  $3  a  carat.  The  finest  moonstones  come  from 
Ceylon,  but  they  are  chiefly  orthoclase. 

Oligoclase. 

Compoflition.  Intermediate  between  albite  and  anorthite, 
chiefly  near  SNaAlSisOg.lCaAlsSisO,. 

CryitalUiatioii.    Triclinic.    Like  albite. 

Stmetim.  Usually  massive,  cleavable  to  compact.  Crystals 
rare. 

Phygical  PropertieB.  Cleavage  in  two  directions  at  86°  32'. 
One  cleavage  (parallel  to  base)  is  better  than  the  other,  and  on 
this  parallel  striation  lines  due  to  twinning  are  commonly  to  be 
seen.  H.  =  6.  G.  =  2.66.  Vitreous  to  pearly  luster.  Color  usu- 
ally whitish  with  faint  tinge  of  grayish  green,  also  reddish  white, 
etc.     Translucent  to  opaque. 

Tests.  Fusible  at  4r-4.5.  Insoluble  in  hydrochloric  acid. 
To  be  told  from  albite  only  by  a  test  for  calcium.  Briefly,  the 
test  is  made  as  follows:  Fuse  powdered  mineral  with  sodium 
carbonate;  dissolve  fusion  in  hydrochloric  acid  and  evaporate 
to  drjmess,  moisten  residue  with  water  and  a  little  nitric  acid, 
boil  and  then  filter  off  insoluble  silica;  to  filtrate  add  ammonium 
hydroxide  in  excess,  filter  off  precipitate  of  aluminium  hydrox- 
ide; in  filtrate  get  precipitate  of  calcium  oxalate  upon  addition 
of  ammonium  oxalate.  To  be  positively  distinguished  from  an- 
desite  and  labradorite  only  by  a  chemical  analysis  or  an  optical 
examination. 

Occurrence.  Like  albite,  but  not  so  common.  Found  in  various 
localities  in  Norway,  notably  at  Tvedestrand,  where  it  contains  in- 
clusions of  hematite,  which  give  the  mineral  a  golden  shimmer  and 
sparkle.  Such  feldspar  is  called  aventurine  oligoclase,  or  sunstone. 
Occurs  in  the  United  States  at  Fine  and  Macomb,  St.  Lawrence 
Coimty,  New  York;  Danbury  and  Haddam,  Connecticut;  Bakers- 
idlle,  North  Carolina,  etc. 

Name.  Derived  from  two  Greek  words  meaning  litUe  and 
^racture. 
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Use.     Occasionally  used  as  an  ornamental  material,  in  the 
varieties  simstone  and  moonstone. 

Andesine. 

Composition.     Intermediate  between  albite  and  anorthite, 
corresponding  chiefly  to  INaAlSiiOs.lCaAljSiiOg. 

Crystallization.    Triclinic.    Like  albite. 

Structure.     In  cleavable  masses.    Crystals  rare. 

Physical  Properties.  Cleavage  in  two  directions  at  86°  14'. 
One  cleavage  (parallel  to  base)  better  than  the  other,  and  on  this 
parallel  striation  lines  due  to  twinning  are  conmionly  to  be  seen 
H.  =  6.  G.  =  2.69.  Vitreous  to  pearly  luster.  Color  white, 
gray,  greenish,  yellowish,  flesh-red.  Often  exhibits  a  beautiful 
play  of  colors,  due  partly  to  the  intimate  twinning  and  partly  to 
inclusions. 

Tests.  Same  as  for  oligoclase.  To  be  positively  distinguished 
from  oligoclase  and  labradorite  only  by  a  chemical  analysis  or 
an  optical  examination. 

Occurrence.  Same  as  for  albite,  but  less  common.  More  fre- 
quently found  in  somewhat  more  basic  igneous  rocks,  i.e.,  those 
containing  less  silica  and  more  lime  and  magnesia. 

Name.    Occurs  in  a  rock  called  andesite,  found  in  the  Andes 

Mountains. 

Labradorite. 

Composition.  Intermediate  between  albite  and  anorthite, 
corresponding  chiefly  to  INaAlSiaOg.SCaAlaSijOg. 

Crystallization.    Triclinic.    Like  albite. 

Structure.     In  cleavable  masses.    Crystals  rare. 

Physical  Properties.  Cleavage  in  two  directions  at  86°  5'. 
One  cleavage  (parallel  to  base)  better  than  the  other,  and  on  this 
parallel  striation  lines  due  to  twinning  are  commonly  shown. 
H.  =  6.  G.  =  2.73.  Vitreous  luster.  Usually  gray,  brown  or 
greenish;  sometimes  colorless  or  white.  Often  shows  a  beautiful 
play  of  colors,  due  in  part  to  the  intimate  twinning  structure, 
in  part  to  inclusions.    Transparent  to  opaque. 

Tests.     Same  as  for  oligoclase. 
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Occurrence.  Like  albite,  but  more  commonly  in  the  darker 
Oolored  basic  igneous  rocks,  and  usually  associated  with  pyroxene 
Or  amphibole.  Found  on  the  coast  of  Labrador  in  large  amounts, 
^flBociated  with  hypersthene  and  magnetite,  and  when  polished 
Bliowing  a  fine  iridescent  play  of  colors. 

Use.    As  an  ornamental  stone. 

Anorthite. 

Ck>inpo8ition.  Calcium-aluminium  silicate,  CaAl2Si208  =  Silica 
43.2,  alimiina  36.7,  lime  20.1.  Soda  is  usually  present,  in  small 
amount,  in  the  albite  molecule,  NaAlSiaOg. 

CryBtallization.  Triclinic.  Crystals  usually  prismatic  paral- 
lel to  vertical  axis.  Twinning  common  according  to  albite  and 
pericline  laws  (see  above). 

Structure.    Massive  cleavable.    Crystals  rare. 

Physical  Properties.  Cleavage  in  two  directions  at  85^  50'. 
One  cleavage  (parallel  to  base)  better  than  the  other.  H.=  6. 
G.=  2.75.  Vitreous  to  pearly  luster.  Color  white,  grayish, 
reddish.    Transparent  to  opaque. 

Tests.  Fusible  at  4.5.  Dissolves  slowly  in  hydrochloric  acid 
and  yields  a  silica  jelly  upon  evaporation.  Gives  a  strong  test 
for  calcium  (see  under  oligoclase)  and  only  a  slight  yellow  flame 
(sodium). 

Occurrence.  A  rock-making  mineral,  particularly  in  the  dark- 
colored  basic  igneous  rocks.  Associated  with  various  calcium  and 
magnesium  silicates.  Found  in  the  lavas  of  Mount  Vesuvius;  of 
Japan,  etc. 

Name.  Derived  from  the  Greek  word  meaning  oblique^  be- 
cause of  its  triclinic  crystallization. 

2.  METASILICATES. 

Leucite. 

Composition.  A  metasilicate  of  almniniiun  and  potassium, 
KAl(Si08)2  =  Silica  55.0,  alumina  23.5,  potash  21.5. 

Crystallization.  Isometric.  Trapezohedral  habit  (Fig.  299). 
Other  forms  rare.    Strictly  isometric  only  at  temperatures  of 
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Fig.  200. 


50(f  C.  or  over.    On  codiiig  below  this  tempaature  H  under- 
goes an  internal  molecular  rearrangiraiient  to  that  of  some  other 

crystal  system,  but  the  external  f wm  does 
not  change.  It  is  fcNmed  in  lavas  ai 
high  temperatures  and  is  then  isometric 
in  internal  structure  as  well  as  outmid 
fonn. 

Stractare.     Usually  in  distinct  crys- 
tals, also  in  disseminated  grains. 

PhjiicAl  Propertifls.  EL  -  hhr^ 
G.  =  2.5.  Vitreous  to  dull  luster.  Cotor 
white  to  gray.  Translucent  to  opaque. 
Tests.  Infusible.  Decomposed  by  hydrochloric  acid  with 
the  separation  of  silica  but  without  the  formation  of  a  jdly. 
Addition  of  ammonia  to  the  solution  gives  precipitate  of  alu- 
minium hydroxide.  When  mixed  with  powdered  gypsum  and 
fused  gives  violet  potassimn  flame  (best  observed  through  a 
blue  glass). 

Occurrence.  A  rather  rare  mineral,  occurring  almost  wholly  in 
lavaH.  Found  in  rocks  in  which  the  amount  of  potassium  in  the 
niu^ma  wan  in  excess  of  the  amount  necessary  to  form  feldspar.  Is 
not  observed,  therefore,  in  rocks  that  show  quartz.  Chiefly  found 
in  the  rocks  of  central  Italy;  notably  as  phenocrysts  in  the  lavas 
of  Vesuvius.  Pseudomorphs  after  leucite  are  found  in  syenites  of 
Arkansas,  Montana,  Brazil,  etc. 

Name.     From  a  Greek  word  meaning  while, 

Pollucite^  H2Cs2Al2(SiOj)j,  is  a  rare  mineral  that  belongs  in  the 
same  group  as  leucite. 

PYROXENE  GROUP. 

The  Pyroxene  Group  includes  a  series  of  related  metasilicates 
which  have  calcium,  magnesium  and  ferrous  iron  as  the  im- 
portant bases,  also  manganese  and  zinc.  Further  certain  mole- 
cules contain  the  alkalies  and  aluminiiun  and  ferric  iron.  They 
may  belong  to  either  the  orthorhombic,  monoclinic  or  triclinic 
systems,  but  the  crystals  of  the  different  species  are  closely 
similar  in  many  respects. 
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OBTHORHOMBIC  SECTION. 

Enstatite,  Bronzite,  Hypersthene. 

A  group  of  orthorhombic  members  of  the  pyroxene  group,  en- 
9tatUe  being  magnesium  metasilicate,  MgSiOai  bronzitey  the  same  as 
enstatite,  with  small  amounts  of  iron  replacing  the  magnesium; 
hypersthene,  an  iron-magnesium  metasilicate,  (Mg,Fe)SiOs.  Dis- 
tinct crystals  rare.  Usually  foliated  massive  with  good  cleavage; 
fibrous,  etc.  Color  from  white  in  enstatite  to  green  and  brown  with 
increase  in  iron.  Rock-making  minerals,  occurring  like  the  mono- 
clinic  pyroxenes  but  much  rarer.  Found  in  basic  igneous  rocks, 
such  as  peridotite,  gabbro,  etc. 

Pyroxene. 

Composition.  P3rroxene  is  a  metasilicate,  var3dng  in  its  com- 
poeition.  It  contains  as  bases  chiefly  calcium  and  magnesium, 
with  smaller  amounts  of  ferrous  iron.  In  some  varieties,  how- 
ever, molecules  are  introduced  in  which  are  the  alkalies  (chiefly 
sodium),  aluminium  and  ferric  iron.  The  more  important  varie- 
ties of  pjrroxene  with  the  formulas  assigned  to  them  follow. 

Diopside,  CaMg(Si08)2. 

Common  pyroxene,  Ca(Mg,Fe)(Si08)2. 

AugUe,  CaMg(Si08)2  with  MgAljSiOe  and  NaAlSi206;  with 
iron  isomorphous  with  both  the  magnesium  and  the  alu- 
minium. 

These  varieties  form  an  isomorphous  series,  and  all  gradations 
between  them  appear.  Other  varieties  of  less  common  occur- 
rence are  hedenbergUey  CaFe(SiOs)2;  schefferitey  a ''manganese 
pyroxene;  jeffersonitey  a  manganese-zinc  pyroxene.  \ 

Crystallization.  Monoclinic.  Crystals  prismatic  in  habit; 
prism  faces  make  angles  of  87**  and  93°  with  each  other.  The 
prism  zone  commonly  shows  the  prism  faces  truncated  by  the 
faces  of  both  vertical  pinacoids,  so  that  the  crystals  show,  when 
viewed  parallel  to  the  vertical  axis,  a  rectangular  cross  section 
with  truncated  comers.  The  interfacial  angles  in  the  prism 
zone  are  either  exactly  or  very  closely  90°  and  45°.  The  ter- 
minations vary,  being  made  up  frequently  of  a  combination  of 


MANUAL  OF  MINERALOGY 


tlif!  basal  plane  with  pyramidB  both  in  front  and  bdiind  (f^  I 
;JOO-302). 
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structure.    In  crystals.    Often  lamellar.    Coanetofinepnt  1 

Phyalo&l  Prop»rtlei.  Prismatic  cleavage  sometimee  good, 
(ifti'ii  iiilerruptcd.  Sometimee  basal  parting  observed,  ofh'n 
kIiowh  liy  lwini)in|r  lamellffi  (see  F^.  A,  pi.  X).  H.c=  5-fi. 
{!.=  ;i.2-3.G.  Vitreous  luster.  Color  varying  from  white  arid 
liKlit  grcei)  in  diopttidc,  to  green  in  pyroxene,  through  dark  gnni 
t4i  \t\a.vk  in  augite.  Color  deepens  with  increase  in  the  amouul 
of  iron  i)resont.    Transparent  to  opaque. 

Testa.  I''ii!<ib1e  from  4  to  4.5.  Insoluble  in  hydrochloric  acid. 
ToUwt  for  liiueH:  fuse  with  sodium  carbonate;  dissolve  in  nitiii! 
aciil;  ovii|M)r:iU!  to  dryness;  notice  the  formation  of  silica  jelly; 
iiKiiistcn  residue  with  water  and  hydrochloric  acid;  boil  and 
filter  from  insolulile  silica;  add  ammonium  hydroxide  in  excess, 
pn-<'ipit  :itc  of  aluminiiun  and  ferric  hydroxide;  to  boiling  filtrate 
u(l(i  unmionium  oxalate,  precipitate  of  calcium  oxalate;  to  filtrate 
Hckl  Modium  phcKsphatc,  precipitate  of  ammonium  magnesium 
plioaphuto.     Recognized  usually  by  its  characteristic  crystals. 


The  pyroxeoes  are  common  and  important  rock- 
making  mjncraln,  being  found  chiefly  in  the  dark  colored  igneous 
ro[^kH,  I'spccialty  those  whoae  magmas  were  rich  in  iron,  calcium  nnd 
magnesium.  They  are  seldom  to  be  found  in  rocks  that  contain 
much  quartz.    Augilc  ia  found  in  basaltjc  lavas,  and  in  the  dork 
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ed  intrusions  known  generally  as  trap,  in  gabbros  and  perido- 
.  Diopside  and  common  pyroxene  are  found  sometimes  in 
ites  and  similar  rocks;  also  as  metamorphic  minerals  in  impure 
'stallized  dolomitic  limestones.  Common  pyroxene  also  occurs 
»me  gneisses.  In  the  limestones,  pyroxene  is  often  associated 
tremolite,  scapolite,  vesuvianite,  garnet,  titanite,  phlogopite, 
In  igneous  rocks  it  is  found  with  orthoclase,  the  plagioclase 
pars,  nephelite,  chrysolite,  leucite,  amphibole,  magnetite,  etc. 
e  of  the  notable  localities,  particularly  for  fine  crystals,  are  the 
wmg:  For  diopside,  Ala,  Piedmont;  Traversella;  Nordmark, 
ien;  in  various  localities  in  Orange  County,  New  York;  for 
te,  in  the  lavas  of  Vesuvius;  at  Fassathal,  Tyrol;  Bilin,  Bohemia; 
snbergite  from  Sweden  and  Norway;  schefferite  from  Sweden; 
rsonite'from  Franklin,  New  Jersey. 

ames.  The  name  pyroxene^  stranger  to  fire,  is  a  misnomer, 
was  given  to  the  mineral  because  it  was  thought  that  it  did 
occur  in  igneous  rocks.  Diopside  comes  from  two  Greek 
is  meaning  double  appearance,  Augite  comes  from  a  Greek 
1  meaning  luster. 

Be.  Clear  green  diopside  or  common  pjrroxene  is  occasion- 
used  as  a  gem  material. 

JEgirite  or  Acmite. 

soda-ferric  iron  pyroxene,  NaFe'"(Si03)2.  Monoclinic.  Slender 
matic  crystals,  often  with  steep  terminations.  Faces  often  im- 
ect.  Imperfect  prismatic  cleavage  with  93°  angle.  H.  =  6-6.5. 
=  3.5-3.55.  Vitreous  luster.  Color  brown  or  green.  Trans- 
it to  opaque.  Fusible  at  3.5,  giving  yellow  sodium  flame, 
ed  globule  slightly  magnetic.  A  comparatively  rare  rock-mak- 
mineral  found  chiefly  in  nephelite-syenite  and  phonolite. 

Spodumene. 

omposition.  Lithium-aluminium  metasilicate,  LiAl(SiOa)2= 
a  64.5,  alumina  27.4,  lithia  8.4.  Usually  has  a  small  amount 
)dium  replacing  the  lithium. 

rystallization.     Monoclinic.     Prismatic  crystals,  flattened 
uently  parallel  to  the  orthopinacoid.    Deeply  striated  ver- 
ly  (see  Fig.  B,  pi.  X).     Crystals  usually  coarse  and  with 
;hened  faces.    Sometimes  very  large. 
ructure.     In  crystals  or  cleavable  masses. 
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Phygical  Propeitias.  Perfect  prismatic  cleavage.  Es6>| 
7.  G,  =  3.18.  Vitreous  luster.  CJdor  white,  gray,  pink,  J«^j 
low,  green.    Transparent  to  translucent  when  unalterei 

Tests.  Fusible  at  3.5,  throwing  out  fine  branches  at  first,  and! 
then  fusing  to  a  clear  glass.  Gives  a  crimson  flame  (litlM* 
Insoluble  in  acids. 

Varieties.  Ordinary.  Color  white  or  gray,  sometimeB  pint 
Commonly  in  flattened  prismatic  crystals,  dten  veiy  Itfp* 
Frwjuently  altered  to  other  minerals. 

Hiddenite.  A  clear,  transparent  variety  ranging  in  color  fnn 
yellow-green  to  deep  emerald.  Found  in  small  striated  and 
etched  crystals. 

Kumite.  A  transparent  variety  ranging  frcmi  pale  {nnk  to 
dcc;p  amethystine  purple.  Has  been  found  in  flattened  crystals 
8  to  10  inches  in  length,  5  to  6  in  breadth. 

Alteration.  Spodumene  very  easily  alters  to  other  spedes, 
Ix^coming  dull  and  opaque.  The  alteration  products  indude 
albite,  ftucryptite  (LiAlSi04),  muscovite,  microcline. 

Occurrence.  A  comparatively  rare  speciea,  but  found  oecasioD' 
ally  in  very  Lirge  crystals  in  pegmatite  veins.  Occun  at  Goto> 
Chf^U;rfield,  (Jhester,  Huntington  and  Sterling,  MaasadnKettB; 
Branch  villc,  Ojnnecticut;  Etta  tin  mine,  Pennington  County,  Sooth 
Dakota,  in  cr>'HtaIs  measuring  many  feet  in  length.  Hiddenite 
(xicMTH  with  emerald  beryl  at  Stony  Point,  Alexander  County, 
North  Carolina.  Kunzite  is  found  with  pink  ber^  in  San  Diego 
County,  California. 

Names.  Spodumene  comes  from  a  Greek  word  meaning  (uh 
colf/refL  Uiddenile  is  named  for  Mr.  W.  E.  Hidden;  kumite  for 
Dr.  G.  F.  Kunz. 

Use.  The  varieties  hiddenite  and  kunzite  furnish  very  beauti- 
ful gem  stones  but  are  limited  in  their  occurrence. 

Jadeite. 

A  sodium-aluminium  metasiUcate,  NaAl(SiOs)s.  Massive,  gran- 
ular to  closely  compact.  H.=  6.5-7.  G.=  3.33-3.35.  Vitreom 
luHter.  C<jlor  white,  gray  to  light  green.  Translucent  to  opaffX- 
Very  tough.  Fuses  at  2.5,  coloring  the  flame  yellow  (sodimn}. 
Forms  in  part  the  material  known  as  jade  and  highly  prized  by 
oriental  peoples  as  an  ornamental  material.     Made  into  findy  carved 
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cmaments  and  utensils,  and  when  of  fine  color  and  translucent  com- 
iBandB  a  high  price.  Found  chiefly  in  Upper  Burmah,  in  southern 
China  and  in  Thibet. 

Wollastonite. 

Composition.  Calcium  metasilicate,  CaSiOs  =  Silica  51.7, 
lime  48.3. 

CryBtallisation.  Monoclinic.  Usually  in  tabular  crystals, 
with  either  base  or  orthopinacoid  prominent. 

Structure.  Commonly  massive,  cleavable  to  fibrous;  also 
Compact. 

Physical  Properties.  Perfect  cleavage  parallel  to  orthopina- 
coid. H.  =  5-5.5.  G.  =  2.8-2.9.  Vitreous  luster,  pearly  on 
cleavage  surfaces.  Sometimes  silky  when  fibrous.  Colorless, 
^hite  or  gray.    Translucent  to  opaque. 

Tests.  Fusible  at  4  to  a  white,  almost  glassy  globule.  De- 
composed by  hydrochloric  acid,  with  the  separation  of  silica  but 
without  the  formation  of  a  jelly.  Filtered  solution  with  ammo- 
nium hydroxide  and  ammoniiun  carbonate  gives  white  precipi- 
tate of  calcium  carbonate. 

Occurrence.  Commonly  found  in  crystalline  limestones  which 
have  been  metamorphosed  either  through  the  heat  and  pressure 
attendant  upon  the  intrusion  into  them  of  igneous  rocks  or  upon 
movements  of  the  earth's  crust.  An  impure  limestone,  containing 
quartz  for  instance,  under  these  conditions  will  become  crystalline, 
and  new  minerals,  such  as  wollastonite,  be  formed.  Associatec^  with 
calcite,  diopside,  lime  garnet,  tremolite,  lime  feldspars,  vesuvianite, 
epidote,  etc.  May  at  times  be  so  plentiful  as  to  constitute  the  chief 
mineral  of  the  rock  mass.  Such  wollastonite  rocks  are  found  in 
California,  the  Black  Forest,  Brittany,  etc.  More  rarely  found  in 
feldspathic  schists. 

Pectolite. 

Composition.  HNaCa2(SiOs)a  =  Silica  54.1,  hme  33.8,  soda 
9.3,  water  2.7. 

Crystallization.  Monoclinic.  Crystals  usually  elongated 
parallel  to  the  ortho-axis. 

Structure.  Usually  in  aggregates  of  acicular  crystals.  Fre- 
quently radiating,  with  fibrous  appearance.  Sometimes  com- 
pact. 
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Phyilcal  Propertiat.  Perfect  cleavage  parallel  to  the  ortho- 
pinacoid.  H.  =  5.  G.  =  2.7-2.8.  Vitreous  to  pearly  luster. 
Colorless,  white  or  gray. 

Tests.  Fuses  quietly  at  2.5-3  to  a  glass;  colors  flame  yellow 
(sodium).  Decomposed  by  hydrochloric  acid,  with  the  separa- 
tion of  silica  hut  ^^ithout  the  formation  of  a  jelly.  Filtered  solu- 
tion with  ammonium  hydroxide  and  ammonium  carbonate  gives 
white  precipitate  of  calcium  carbonate.    Water  in  C.  T. 

Occurrence.  A  mineral  of  secondary  origin  similar  in  its  occur- 
rence U)  the  zeolites.  Found  lining  amygdaloidal  cavities  in  basalt, 
associated  with  various  zeolites,  phrenite,  calcite,  etc.  Found  at 
liergen  Hill  and  West  Paterson,  New  Jersey. 


TBICLINIC  SECTION. 

Rhodonite. 

Composition.    Manganese  metasilicate,  MnSiOs  ^  Silica  45.9, 
manganese  j)rotoxide  54.1.    Iron,  calcium  and  sometimes  zinc 

replace  a  part  of  the  manganese. 

Crsrstallization.  Triclinic.  Crystals 
commonly  tabular  parallel  to  base  (Fig. 
303) .  Crystals  often  rough  with  rounded 
edges. 

Structure.  Commonly'massive,  cleav- 
able  to  compact;  in  embedded  grains. 

Physical  Properties.  Prismatic  cleav- 
age at  about  92^  H.  =  6-6.5.  G.  =  3.63. 
Vitreous  luster.  Color  rose-red,  pink,  brown.  Translucent  to 
opacjue. 

Tests.  Fusible  (3-3.5)  to  a  nearly  black  glass.  Insoluble  in 
hydrochloric  acid.  In  O.  F.  gives  clear  reddish  violet  color  to 
borax  bead. 

Occurrence.     Found  at  Langban,  Sweden,  with  iron  ore;  found 

in  large  masses  near  ^]katerinburg,  Urals;  from  Broken  Hill,  New 
South  Wales.  A  zinciferous  variety,  known  as  fowlerUCt  occurs  in 
good-sized  crystals  in  limestone  with  franklinite,  willemite,  zincitey 
etc.,  at  Franklin  Furnace,  New  Jersey. 


Imk.    303.     Franklin  Fur 
nace,  Now  Juraoy. 
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me.  Derived  from  the  Greek  word  for  a  rose,  in  allusion 
e  color. 

e.  Sometimes  polished  for  use  as  an  ornamental  stone, 
ined  chiefly  from  the  Urals. 

AMPHIBOLE  GROUP. 

le  minerals  of  the  Amphibole  Group  crystallize  in  either  the 
►rhombic,  monoclinic  or  triclinic  systems,  but  the  crystals 
le  different  species  are  closely  similar  in  many  respects, 
aically  they  form  a  series  parallel  to  that  of  the  Pyroxene 
P  (P^ge  230),  being  metasihcates  with  calcium,  magnesium 
ferrous  iron  as  important  bases,  and  also  with  manganese 
the  alkalies.  Certain  molecules  that  are  present  in  some 
ties  contain  aluminium  and  ferric  iron. 

OBTHOBHOMBIC  SECTION. 

Anthopyllite. 

orthorhombic  amphibole,  corresponding  to  the  orthorhombic 
:ene  group,  enstatite — bronzite — hypersthene.  An  iron-mag- 
m  metasilicate,  (Mg,Fe)Si03.  Rarely  in  distinct  crystals. 
nonly  lamellar  or  fibrous.  Perfect  prismatic  cleavage.  Color 
to  various  shades  of  green  and  brown.  A  comparatively  rare 
•al,  occurring  in  mica-schist,  etc. 

Amphibole. 

mposition.  The  amphiboles  consist  of  a  series  of  minerals 
(gous  in  many  ways  to  the  pyroxenes.  They  are  chiefly 
silicates  of  calcium  and  magnesium  with  ferrous  iron  re- 
ig  the  magnesium.  Other  molecules  are  at  times  intro- 
1,  in  which  are  the  alkalies,  aluminium  and  ferric  iron, 
more  important  varieties  of  amphibole  with  the  formulas 
led  to  them  follow. 
wiolite,  CaMg8(SiOs)4. 
linolitey  Ca(Mg,Fe)8(Si08)4. 

mhlende,  CaMg3(Si08)4  with  Na2Al2(Si04)8  and  Mg2Al4- 
)j.  Ferrous  iron  is  isomorphous  with  the  magnesimn  and 
iron  with  the  aluminium. 
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Theee  varieties  form  an  iBomorphoua  series  and  all  gndatiou 
between  them  occur. 

Crystallisation.  Monoclinic.  Crystals  prismatic  in  hatut; 
the  prism  faces  make  angles  of  55"  and  125°  with  each  ote 
(compare  the  87°  and  93°  angles  of  pyroxene).  The  prians^ 
shows,  in  addition  to  the  prism  faces,  usually  those  ot  Ibe 
clinopinacoid  and  sometimes  aJso  those  of  the  orthopinMoi 


I 


Fig.  S04.  Fi«.  30J, 

Prism  zone  frequently  vertically  striated  and  imperfectly  de- 
veloped. When  the  prism  faces  are  distinct,  the  cross  section 
of  the  crystal,  when  viewed  in  a  direction  parallei  to  the  vwIimI 
axis,  does  not  have  the  rectangular  shape  shown  by  the  cryetala 
of  pyroxene.  The  termination  of  the  crystals  is  almost  always 
formed  by  the  two  faces  of  a  low  clinodome  (Figs.  304  and  305). 

Structure.  In  crystals.  Often  bladed  and  frequently  in  radi- 
ating columnar  aggregates.  Sometimes  in  silky  fibers.  Coaree 
to  fine  granular.     Compact. 

Physical  Properties.  Perfect  prismatic  cleavage  at  angle  of 
125°,  often  yielding  a  splintery  surface.  H.  =  5-6.  G.  =  3-3.3. 
Vitreous  luster.  Often  with  silky  sheen  in  the  prism  zone.  Coloi 
varying  from  white  and  light  green  in  tremolite,  to  green  ii 
actinolite,  through  dark  green  to  black  in  hornblende.  Coloi 
deepens  with  increase  in  the  amount  of  iron  present.  Trans- 
parent to  opaque. 

Teats.  Fusible  3-4.  Chemical  tests  same  as  for  pyroxene 
which  see.    Told  from  pyroxene  by  its  better  prismatic  cleavage 
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le  difference  in  the  prismatic  angle  and  by  the  characteristic 
mce  on  the  crystals  of  the  low  clinodome. 

currence.  Amphibole  is  an  important  and  widely  distributed 
making  mineral,  occurring  both  in  igneous  and  metamorphic 
,  being  particularly  characteristic,  however,  of  the  latter.  The 
that  amphibole  frequently  contains  hydroxyl  and  fluorine  in- 
es  that,  in  some  degree,  it  is  often  of  pneumatolytic  origin. 
loUte  is  most  frequently  found  in  impure,  crystalline,  dolomitic 
tones,  where  it  has  been  formed  during  the  crystallization  of 
ock,  while  undergoing  metamorphism.  Actinolite  commonly 
s  in  the  crystaUine  schists,  being  often  the  chief  constituent  of 
-colored  hornblende-schists  and  greenstones.  Frequently  the 
libole  of  such  rocks  has  had  its  origin  in  the  pyroxene  contained 
e  igneous  rock  from  which  the  metamorphic  type  has  been 
ed.  Conamon  hornblende  is  found  in  igneous  rocks,  such  as 
tes,  syenites,  diorites,  gabbros,  and  in  some  peridotites;  it 
r  occurs  in  the  dark  traps  and  basalts.  It  also  occurs  in  the 
cnorphic  rocks,  such  as  gneisses  and  hornblende  schists, 
table  localities  for  the  occurrence  of  crystals  are:  tremolite 
Campolongo,  Tessin;  from  Russell,  Gouverneur,  Amity,  Pierre- 
De  Kalb,  etc..  New  York;  actinolite  from  Greiner,  Zillerthal, 
!;  hornblende  from  Bilin,  Bohemia;  Monte  Somma,  Italy. 
oiite  frequently  comes  fibrous,  and  is  the  material  to  which 
lame  asbestos  was  originally  given.  Has  been  found  in  the 
norphic  rocks  in  various  states  along  the  Appalachian  Moun- 
Nephrite  is  a  tough,  compact  variety  of  actinolite  which 
ies  much  of  the  material  known  2^  jade  (see  also  under  jadeite). 
aous  locality  for  its  occurrence  is  in  the  Kuen  Lun  Mountains, 
e  southern  border  of  Turkestan. 

mes.     Tremolite  is  derived  from  the  Tremola  Valley  near 
rothard.    Actinolite  comes  from  two  Greek  words  meaning 
and  stone y  in  allusion  to  its  frequently  somewhat  radiated 
ture. 

».  The  fibrous  variety  is  used  to  some  extent  as  asbestos 
rial.  The  fibrous  variety  of  serpentine  furnishes  more 
isually  a  better  grade  of  asbestos.  The  compact  variety, 
ite,  is  used  largely  for  ornamental  material  by  oriental 
es  and  is  called  jade. 

long  the  other  rarer  monoclinic  members  of  the  Am" 
le     Group    are     glaucophane,     NaAl(SiOa)2.(Fe,Mg)Si08; 


240 


MANUAL  OF  MINERALOGY 


riebeckite,  2NaFe(SiO,)2.FeSiO,;  crocidolite,  NaFe(SiO,),.FeSiO,; 
arfvedsonite,  Nag(Ca,Mg)a(Fe,Mn)i4(Al,Fe)iSi2i04». 

TBICLINIC  SECTION. 

The  only  member  of  the  Triclinic  Section  of  the  AmphMt 
Group  is  the  rare  mineral  cBnigmatite,  Na4Fe9AlFe'"(Si,Ti)uDiii 


Beryl. 

Composition.  BesAl2Si60i8.  Analyses  show  a  small  amount 
of  water.  Small  amounts  of  the  alkali  oxides,  often  in  part 
consisting  of  caesimn  oxide,  frequently  replace  the  beryllium 
oxide. 

Crystallization.  Hexagonal.  Strong  prismatic  habit.  Fre- 
quently vertically  striated  and  grooved.    Forms  usually  present 
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Fig.  306. 


Fig.  307. 


consist  only  of  prism  of  first  order  and  base  (Fig.  306).  Small 
pyramid  faces  of  both  the  first  and  second  orders  sometimes 
occur,  but  the  pyramid  faces  are  rarely  prominent  (Fig.  307). 
Dihexagonal  forms  quite  rare.  Crystals  frequently  of  consider- 
able size  with  rough  faces. 

Structure.  In  crystals.  Also  massive,  with  indistinct  colum- 
nar structure  or  granular. 

Physical  Properties.  H.  =  7.5-8.  G.  =  2.75-2.8.  Vitreous 
luster.  Color  commonly  bluish  green  or  light  yellow;  may 
be  deep  emerald-green,  golden  yellow,  pink,  white  or  colorless. 
Transparent  to  subtranslucent.     Frequently  the  larger,  coarser 
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'^'^^Btals  show  a  mottled  appearance  due  to  the  alternation  of 
clear  transparent  spots  with  cloudy,  almost  opaque  portions. 
I  Tests.  B.  B.  whitens  and  fuses  with  difficulty  at  5-5.5  to  an 
^liainel.  Yields  a  little  water  on  intense  ignition.  Insoluble  in 
^ids.  Recognized  usually  by  its  hexagonal  crystals,  its  hard- 
ness, color,  etc. 

Varieties.  Ordinary  Beryl,  In  coarse  translucent  to  opaque 
^^stals  or  masses,  usually  of  a  pale  greenish  blue  or  yellow  color. 
Sometimes  in  very  large  crystals;  one  from  Grafton,  New  Hamp- 
®^e,  measured  over  4  feet  in  length  with  a  diameter  between 
20  and  30  inches,  weight  2900  pounds. 

Aquamarine.  Name  given  to  the  pale  greenish  blue  trans- 
Parent  stone.     Used  as  a  gem. 

Golden  Beryl,  A  deep  golden  yellow  variety,  which,  when 
^fear,  is  used  as  a  gem. 

Rose  Beryl,  A  variety  varying  in  color  from  pale  pink  to 
^eep  rose.  Beautiful  gem  material  from  Madagascar  has  been 
^amed  morganite, 

Emerodd,  The  true  emerald  is  the  deep  green  transparent 
l>eryl  and  is  among  the  most  highly  prized  of  gems.  The  color 
is  due  to  small  amounts  of  chromium. 

Occurrence.  Beryl,  although  containing  the  rare  element  beryl- 
lium, is  a  rather  common  and  widely  distributed  mineral.  It  occurs 
Usually  as  an  accessory  mineral  in  pegmatite  veins.  It  is  also  found 
in  clay-slate  and  mica-schist.  Emeralds  of  gem  quaUty  occur  in  a 
dark  bituminous  limestone  at  Musa,  75  miles  northwest  of  Bogota, 
tJnited  States  of  Colombia.  This  locality  has  been  worked  almost 
continually  since  the  middle  of  the  sixteenth  century,  and  has  fur- 
nished the  greater  part  of  the  emeralds  of  the  world.  Another 
famous  locality  for  emeralds  is  in  Siberia  on  the  river  Takovaya, 
45  miles  east  of  Ekaterinburg.  They  occur  in  a  mica-schist  asso- 
ciated with  phenacite,  chrysoberyl,  rutile,  etc.  Rather  pale  emeralds 
have  been  found  in  small  amount  from  Alexander  County,  North 
Carolina,  associated  with  the  green  variety  of  spodumene,  hiddenite. 
Beryl  of  the  lighter  aquamarine  color  is  much  more  common,  and 
is  found  in  gem  quality  in  Brazil,  Siberia,  and  many  other  localities. 
In  the  United  States  they  have  been  found  in  various  places  in  Maine, 
New  Hampshire,  Massachusetts,  Connecticut,  North  Carolina,  Colo- 
rado, etc.  The  golden  beryl  has  been  found  in  Maine,  Connecti- 
cut, North  Carolina  and  Pennsylvania;  also  in  Siberia  and  Ceylon. 
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The  rose-colored  beryl  has  been  found  in  San  Diego  County,  CaB- 
fomia,  associated  with  pink  tourmaline  and  the  pink  ^MMhuneDe^ 
kunzite.  A  similar  occurrence  in  Madagascar  has  furnished  mag- 
nificent rose-colored  stones  (morganite). 

Use.  Used  as  a  gem  stone  of  various  colors.  The  onenki 
ranks  as  one  of  the  most  valuable  of  stones,  at  times  being  of 
much  greater  value  than  the  diamond.  Perfect  and  de^^ 
colored  stones  have  been  sold  as  high  as  SIOOO  p^  carai 
Aquamarines  range  in  value  from  SI  to  S15  a  carat.  Goldoi 
beryls  bring  from  $1  to  $10  a  carat.  The  rose  beryl  is  valued 
from  $5  to  $20  a  carat. 

lolite.     Cordierite. 

A  complex  silicate  of  magnesium,  ferrous  iron  and  aluminium. 
Orthorhombic.  Usually  in  short  pseudohexagonal  twinned  crys- 
tals; as  embedded  grains;  massive.  Vitreous  luster.  Color  diffov 
ent  shades  of  blue.  Most  commonly  altered  into  some  form  of 
mica,  })ecoming  opaque  and  of  various  shades  of  grayish  green. 
Found  as  an  accessory  mineral  in  granite,  gneiss  (cordierite  gneiss), 
schists,  etc. 

3.   ORTHOSILICATES. 

Nephelite. 

Composition.  Sodium-aluminium  silicate,  approximately 
NaAlSi04.  There  is  always  a  few  per  cent  of  potash  present, 
sometimes  also  lime,  replacing  the  soda. 

Crystallization.  Hexagonal.  Rarely  in  small  prismatic  crys- 
tals with  basal  plane;  sometimes  shows  pyramidal  planes. 

Structure.  Almost  invariably  massive,  compact,  and  in  em- 
bedded grains.    Massive  variety  often  called  dceolite. 

Physical  Properties.  Distinct  cleavage  parallel  to  prism. 
H.  =  5.5-6.  G.  =  2.55-2.65.  Vitreous  luster  in  the  clear  crys- 
tals to  greasy  luster  in  the  massive  variety.  Colorless,  white 
or  yellowish.  In  the  massive  variety  gray,  greenish  and  reddish. 
Transparent  to  opaque. 

Tests.  Fusible  at  4  to  a  colorless  glass.  B.  B.  gives  strong 
yellow  jflame  of  sodium.  Readily  soluble  in  hydrochloric  acid 
and  on  evaporation  yields  a  silica  jelly. 
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Alteration.  Easily  alters  into  various  other  minerals,  such  as 
le  zeolites,  natrolite,  analcite,  hydronephelite,  thomsonite;  also 
odalite,  muscovite,  kaolin,  etc. 

Occurrence.  Nephelite  is  rarely  found  except  in  igneous  rocks. 
t  occurs  in  some  recent  lavas  as  glassy  crystals,  such  as  are  found 
n  the  lavas  of  Vesuvius.  The  opaque,  massive  or  coarsely  crystal- 
be  variety  is  found  in  the  older  rocks  and  is  called  ekeohte.  Phono- 
ite,  elsBolite-syenite  and  nepheUte-basalt  are  important  rocks  in 
vhich  nephelite  is  an  essential  constituent.  It  is  only  to  be  found 
Q  rocks  whose  magmas  contained  an  excess  of  soda  over  the  amount 
equired  to  form  feldspar.  It  is  therefore  seldom  found  in  rocks 
hat  contain  free  quartz.  Extensive  masses  of  nephelite  rocks, 
keoliteHsyenites,  are  found  in  Norway.  Massive  and  crystalUzed 
epheUte  is  found  at  Litchfield,  Maine,  associated  with  cancrinite. 
ound  at  Magnet  Cove,  Arkansas. 

Name.  Nephelite  is  derived  from  a  Greek  work  meaning  a 
md,  because  when  immersed  in  acid  the  mineral  becomes 
5udy.  ElcBolite  is  derived  from  the  Greek  word  for  oi7,  in 
lusion  to  its  greasy  luster. 

Cancrinite f  H«Na«Ca(NaCOj)jAl8(Si04)»,  is  a  rare  mineral 
oilar  to  nephelite  in  occurrence  and  associations. 

SODAUTE   QROUP. 

Sodalite. 

Composition,  Na4(AlCl)Al2(Si04)8.  Isometric.  Crystals  rare, 
lally  dodecahedrons.  Commonly  massive,  in  embedded  grains, 
xiecahedral  cleavage.  H.  =  5.5-6.  G.  =  2.15-2.3.  Vitreous  lus- 
•.  Color  usually  blue,  also  white,  gray,  green.  Transparent  to 
aque.  Fusible  at  3.5-4,  to  a  colorless  glass,  giving  a  strong 
How  flame  (sodium).  Soluble  in  hydrochloric  acid  and  gives 
iatinous  silica  upon  evaporation.  Nitric  acid  solution  with  silver 
rate  gives  white  precipitate  of  silver  chloride.  A  comparatively 
-e  rock-making  mineral  associated  with  nephelite,  cancrinite,  etc., 
nephelite-syenites,  trachytes,  phonoUtes,  etc.  Found  in  transpar- 
t  crystals  in  the  lavas  of  Vesuvius.  Similar  minerals,  but  rarer  in 
eir  occurrence,  are  hauyniUj  (Na2.Ca)2(Al.NaS04)Al2(Si04)i,  and 
selile,  Na4(NaS04 .  Al)Al2(Si04)8. 

Lazurite.     Lapis-lazuli. 

Composition,  Na4(Al.NaS8)Al2(Si04)3,  with  small  amounts  of  the 
dalite  and  haUynite  molecules  in  isomorpbous  replacement.    Iso- 
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metric.    Crystals  rare,  usually  dodecahednd.    Commoidy  maasive, 
compact.     H.  =  5-5.5.     G.  =  2.4-2.45.     Vitreous  luster.    Color 
deep  azure-blue,  greenish  blue.    Translucent.     Fusible  at  3.5,  giv- 
ing strong  yellow  flame  (sodium).    Soluble  in  hydrochloric  add 
with  slight  evolution  of  hydrogen  sulphide  gas,  and  gives  gdatinoQB 
silica  upon  evaporation.    A  rare  mineral,  occurring  usually  in  crys- 
talline  Umestones  as  a  product  of  contact  metamiorphism.    Lapis- 
lazuli  is  usually  a  mixture  of  lazmrite  with  small  amounts  of  calcite, 
pyroxene,  etc.     It  commonly  contains  small  disseminate  particles 
of  pyrite.     It  is  used  as  an  ornamental  stone,  for  carvings,  etc.  The 
best  quaUty  of  lapis-lazuli  comes  from  northeastern  Afghanistan. 
Also  found  at  Lake  Baikal,  Siberia,  and  in  Chile. 

GARNET  QROUP. 

Compogition.  The  garnets  are  orthosilicates  which  confonn 
to  the  general  formula  R3"R2'"(Si04)8.  R"  may  be  calcium, 
magnesium,  ferrous  iron  and  manganese;  R'"  may  be  aluminium, 
ferric  iron  and  chromium.  The  formulas  of  the  chief  varieties 
arc  given  below;  many  of  them,  however,  grade  more  or  less  into 
each  other. 

GrosstdarUej    Ca8Al2(Si04)8. 

Pyrope,  MgsAl2(Si04)8. 

Almandite,       Fe3Al2(Si04)s. 

Spessartitej      Mn3Al2(Si04)8. 

Andradite,       CasFe2(Si04)8. 

Uvarovitey        Ca3(Cr,Al)2(Si04)i. 
Crystallization.    Isometric.    Common  forms  dodecahedron 
{¥\g.  308)  and  trapezohedron  (Fig.  309),  often  in  combination 
(Figs.  310  and  311).    Hexoctahedron  observed  at  times  (Hg. 
312).     Other  forms  rare. 

Structure.  Usually  distinctly  crystallized;  also  in  rounded 
grains;  massive  granular,  coarse  or  fine. 

Physical  Properties.  H.=  6.5-7.5.  G.  =  3.15-4.3,  varying 
with  the  composition.  Luster  vitreous  to  resinous.  Color  vary- 
ing with  composition;  most  commonly  red,  also  brown,  yellow, 
white,  green,  black.  White  streak.  Transparent  to  almost 
opaque. 

Tests.  With  the  exception  of  uvarovite,  all  garnets  fuse  at  3 
to  3.5;  uvarovite  is  almost  infusible.    The  iron  garnets,  alman- 


GARNET  GROUP 


nd  andradite,  fuse  to  m^netic  globules.  Spessartite  when 
with  sodium  carbonate  gives  a  bluish  green  bead  (manga- 
Uvarovite  gives  a  green  color  to  salt  of  phosphorus  bead 
mum).  Andradite  is  somewhat  difficultly  soluble  in  hydro- 
e  acid  and  gelatinizes  imperfectly  on  evaporation.  AH  the 
garnets  are  practically  insoluble  in  acids.  All  of  them, 
;he  exception  of  uvarovite,  may  be  dissolved  in  hydrochloric 
fter  ample  furion  and  the  solutions  will  gelatinize  on  evapo- 
i.  Gameta  are  usually  recognized  by  their  characteristic 
trie  crystals,  their  hardness,  color,  etc.  It  frequently  re- 
1  an  analysis  to  positively  distinguish  between  the  different 
lers  of  the  group. 

latlM.  Grossularite,  Essonite,  Cinnamon  Stone.  Calcium- 
aium  garnet.  Often  contains  ferrous  iron  replacing  cal- 
and  ferric  iron  replacing  aluminium.      Color  white,  green, 
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yiWovff  cinnamon-brown,  pale  red.  Name  derived  from  tk 
botanical  name  for  goosebeny,  in  allusion  to  the  ligpht  green  eokr 
of  tlie  original  grossulorite. 

Pyro])e.  Precious  garnet  in  part.  Magnerirnn-dnmiiwi 
Kariiot.  C'alcium  and  iron  also  present.  Cdor  deq>  red  to 
lu'iirly  bla(!k.  Often  transparent  and  then  used  as  a  gen. 
Nanu;  (i(;riv(Ml  from  Greek,  meaning  ^reliXre.  Rhodoiiie  ib  tiMSift 
Kivc'ii  to  a  pale  rose-rod  or  purple  garnet,  corresponding  in  eon- 
jM).siti()ii  to  two  parts  of  pyrope  and  one  of  almandite. 

Almandilc.  Precious  garnet  in  part.  Common  gamei  in 
part.  Iron-aluminium  ganict.  Ferric  iron  replaces  alumiimnn 
and  iiiaKiieHium  roi)laces  ferrous  iron.  Color  fine  deep  red,  tnoB- 
jNiriMit  in  pHHsiouH  garnet;  brownish  red,  translucent  toopaqoe 
in  (common  garnet.  Name  derived  from  Alabanda,  wherein 
aiKMf'tit  tinic^H  garnets  were  cut  and  polished. 

SptHHurtite,  Manganese-aluminium  garnet.  Ferrous  iron  re- 
I)la(r(>H  the  manganese  and  ferric  iron  the  aluminium.  Cokr 
browniHh  to  garnet-red. 

AndnuUic,  ('Onimon  garnet  in  part.  Calcium-iron  garnet. 
Aiuininiuin  rq)la(;os  the  ferric  iron;  ferrous  iron,  manganese  and 
HoinrtiincH  magnesium  replace  the  calcium.  Color  various 
Hlia(l(\s  of  ytiliow,  green,  brown  to  black.  Named  after  the 
P()^tugu(^se  mineralogist,  d'Andrada. 

Uvarovite,  ('alcium-chromium  garnet.  Color  emerald-green. 
Named  after  Count  Uvarov. 

Occurrence,  (iarnet  is  a  common  and  widely  distributed  min- 
(Till,  (xfc.urring  as  an  ac(;cHH()ry  constituent  of  metamorphic  and 
H()nH^tini(*H  of  ignoouH  rocks.  Its  most  characteristic  occurrence  is 
in  ini(;a-HchiHtH  (w^c  Fig.  C^,  pi.  X),  hornblende-schists  and  gneisseB. 
i<\)un(l  in  ptignuitito  veins,  more  rarely  in  granite  rocks.  Groasu- 
\im\A\  is  found  chiefly  as  a  product  of  contact  or  regional  metamoT' 
I)hiHin  in  crystalline  limestones.  Pyrope  is  often  found  in  peridotite 
rocks  and  the  stirpentincs  derived  from  them.  Spessartite  occun 
in  the  igneous  rock,  rliyolite.  Melanite,  a  black  variety  of  andn- 
dite,  occurs  mostly  in  certain  eruptive  rocks.  Uvarovite  is  found 
in  s(}r{)<!ntinc  associated  with  chromite.  Garnet  frequently  occurs 
as  rounded  grains  in  stream-  and  sea-sands. 

Almandite,  of  gem  quality,  is  found  in  northern  India,  Braxilf 
Australia,  and  in  several  localities  in  the  Alps.     Fine  crystak,  al- 
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ough  for  the  most  part  too  opaque  for  cutting,  are  found  in  a  mica- 
hist  on  the  Stickeen  River,  Alaska.  Fyrope  of  gem  quality  is 
iind  associated  with  clear  grains  of  chrysolite  (peridot)  in  the 
ixface  sands  near  Fort  Defiance,  close  to  the  Utah-Arizona  state 
le.  Famous  localities  for  pyrope  gems  are  near  Teplitz  and  Bilin, 
ohemia.  Grossularite  is  only  a  little  used  in  jewelry,  but  essonite 
r  cinnamon  stones  of  good  size  and  color  are  found  in  Ceylon.  A 
reen  andradite,  known  as  demantoid,  comes  from  the  Urals  and 
bdds  fine  gems  known  as  Uralian  emeralds. 

Alteration.  Garnet  often  alters  to  other  minerals,  particu- 
Illy  talc,  serpentine  and  chlorite.  . 

Name.  Garnet  is  derived  from  the  Latin  granatus^  meaning 
ie  a  grain.  Carbuncle,  an  old  name  for  garnet  and  other  red 
lones,  was  derived  from  the  Latin  word  carho,  coaly  and  is  used 
.t  present  to  designate  garnets  cut  in  oval  form. 

Use.  Chiefly  as  a  rather  inexpensive  gem  stone.  Sometimes 
jound  and  used  on  accoimt  of  its  hardness  for  abrading  pur- 
K)6es,  as  sand  for  sawing  and  grinding  stone,  or  for  making  sand- 
taper. 

CHRYSOLITE  QROUP. 

Chrysolite  or  Olivine.     Peridot. 

Composition.  Orthosilicate  of  magnesium,  with  varying 
mounts  of  ferrous  iron,  (Mg,Fe)2Si04.  The  ratio  between  the 
lagnesium  and  iron  varies  widely. 

Crystallization.  Orthorhombic.  Crystals  usually  a  combi- 
ation  of  prism,  macro-  and  brachypinacoids  and  domes,  pyra- 
lid  and  base.  Often  flattened  parallel  to  either  the  macro-  or 
rachypinacoid. 

Structure.    Usually  in  embedded  grains  or  in  granular  masses. 

Physical  Properties.  H.  =  6.5-7.  G.  =  3.27-3.37.  Vitre- 
us  luster.  Olive  to  grayish  green,  brown.  Transparent  to 
ranslucent. 

Tests.  Infusible.  Rather  slowly  soluble  in  hydrochloric  acid 
nd  yields  gelatinous  silica  upon  evaporation.  After  evapora- 
on  to  dryness,  take  up  residue  in  water  with  nitric  acid,  filter 
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ofT  silica,  add  ammonia  in  excess  to  precipitale  ferric  hirdroxide^ 
filter,  add  ammonium  oxalate  to  prove  abeenoe  of  cakhnn,  add 
8()(liuni  phosphate  and  obtain  precipitate  of  anmMxiiaziHDag- 
nesium  phosphate  (test  for  magnesium).  Distinguidied  oraiVr 
by  its  glassy  luster,  green  color  and  granular  stniclme. 

Occurrence.     A  rather  common  rock-makiiig  mineral,  "mjwg 
from  an  accosHory  character  to  that  of  a  main  constituent  of  therodL 
It  in  found  principally  in  the  dark  colored  f erro-magneaiiim  igneoai 
ro(tkH  HiK^h  as  (i;abbro,  peridotite  and  basalt.     A  rode,  known  m 
(lunite,  is  imuie  up  almost  wholly  of  chrysolite.     Found  abo at  tima 
uH  Kli^'^'^y  Kri^ii^")  ii^  meteorites.     Occasionally  in  crystalline  dolomitie 
liincHtones.     AHHociated  often  with  pyroxene,  the  plagtodaae  f^ 
HparH,  inaKnetito,  corundum,  chromite,  serpentine,  etc.    The  tafflfr 
paront  Kreon  vtu*icty,  known  as  peridotf  and  used  as  a  gem  mateml, 
w:us  found  in  ancient  times  in  the  East,  the  exact  locality  for  the 
HtoiK^s  not  boing  known.     At  present  peridot  is  found  in  Upper 
K^ypt,  nc'ar  the  Red  Sea,  and  in  rounded  grains  associated  iridi 
pyro|K'  garnet  in  the  surface  gravels  of  Arizona  and  New  Mexico. 
Crystals  of  chrysolite  are  found  in  the  lavas  of  Vesuvius.    Larger 
crystals,  altonMl  to  serpentine,  come  from  Snarum,  Norway.    Chryso- 
lit(^  oc(rurs  in  granular  masses  in  the  volcanic  bombs  in  the  ^d. 
Dunite  rocks  are  found  at  Dun  Mountain,  New  Zealand,  and  with 
th(^  corundum  deposits  of  North  Carolina. 

Alteration.  Very  readily  altered  to  serpentine;  magnesiam 
carbonate,  iron  ore,  etc.,  may  form  at  the  same  time. 

Name.  Chrysolite  means  golden  stone.  Olivine  derives  its 
name  from  the  usual  olive-green  color  of  the  mineral,  and  is 
the  term  usually  given  to  the  species  when  speaking  of  it  as  a 
rock-making  mineral.     Peridot  is  an  old  name  for  the  species. 

Use.  As  the  clear  green  variety,  known  usually  as  peridot,  it 
has  some  use  as  a  gem.  A  one-carat  stone  naay  be  valued  up 
to  $5. 

Other  members  of  the  Chrysolite  Group  which  are  rarer  in 
occurrence  are  Monticellitey  CaMgSi04;  fosterite,  MgsSi04;  and 
fayalite,  Fo2Si04.  Ordinary  chrysoUte  is  intermediate  in  com- 
position between  the  last  two.  Another  member  which  has  been 
found  in  the  zinc  deposits  at  Franklin  Furnace,  New  Jersey,  is 
tephroitey  Mn2Si04. 
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PHENACITE  QBOUP. 

WiUemite. 

nposition.  Zinc  orthosilicate,  Zn]Si04  =  Silica  27,  zinc 
73,  zinc  58.6.  Manganese  often  replaces  a  considerable 
of  the  zinc  (manganiferous  variety  called  troostite)^  iron 
•resent  at  times  in  small  amount. 

vtallization.  Hexagonal-rhombohedral;  tri-rhombohedral. 
xagonal  prisms  with  rhombohedral  terminations.  Faces 
rd-order  rhombohedrons  rare^ 

iieture.  Usually  massive  to  granular.  Rarely  crystallized 
b  in  variety  troostite. 

nrieal  Properties.  H.  =  5.5.  G.  =  3.89-4.18.  Vitreous 
inous  luster.  Color]  white,  yellow-green,  blue,  when  pure; 
increase  of  manganese  becomes  apple-green,  flesh-red  and 
i.    Transparent  to  opaque. 

Its.  Willemite  infusible,  troostite  difficultly  fusible  (4.5-5) . 
le  in  hydrochloric  acid  and  yields  gelatinous  silica  on  evapo- 
L.  Gives  a  coating  of  zinc  oxide  when  heated  with  sodium 
nate  on  charcoal;  coating  yellow  when  hot,  white  when 
if  coating  is  moistened  with  cobalt  nitrate  and  heated  again 
ns  green.  Troostite  will  give  reddish  violet  color  to  the 
bead  in  0.  F.  (manganese). 
rieties.  Ordinary.  White  or  light  colored. 
H)8t'Ue,  Apple-green,  flesh-red  or  gray  color.  Contains  a 
lerable  amount  of  manganese.  Found  at  Frankhn  Fur- 
New  Jersey,  in  quite  large  crystals. 

surrence.  Found  at  Altenberg,  near  Moresnet,  Belgium,  and 
uiklin  Furnace,  New  Jersey.  At  the  latter  locality  it  is  asso- 
with  franklinite  and  zincite,  often  in  an  intimate  mixture; 
mbedded  in  calcite.  Occurs  sparingly  at  Merritt  Mine,  New 
io. 

I.    A  valuable  zinc  ore. 

Phenacite. 

yllium  orthosilicate,  Be2Si04.  Hexagonal-rhombohedral;  tri- 
3ohedral.  Crystals  usually  rhombohedral  in  form,  sometimes 
short  prisms.    Often  with  complex  development  and  fre- 
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quently  showing  the  faces  of  the  third-order  rhombobedniD.  Fn- 
matic  cleavage.  H.  -  7.6-8.  G.  -  2.96.  Vitreoua  luster,  Cd» 
leas,  white.  Transparent  to  translucent.  Infusible  and  iiwtaUi 
A  rare  mineral,  found  associated  usually  with  topaz,  chrjriwji 
beryl,  apatite,  etc.  Fine  crystals  are  found  at  the  emenldniM 
in  the  Urals,  at  Pike's  Peak  and  Mount  Antero,  Colondo.udi 
Minas  Geraes,  Brazil.  Occasionally  cut  as  a  gem  stone. 
Dioptase,  HgCuSiOi,  is  a  rare  mineral  belonging  in  tiiis  gnx| 

80AF0UTS   OROUP. 

A  group  of  minerals  varying  in  compoution  by  the 
phous  mixture  in  different  amounts  of  the  two  moledi 
Ca*Al£i.O„(ilfe)  and  Na*A13i.0„Cl, (Mo).  When  tk  " 
molecule  (Me)  alone  is  present,  the  subname  of  mewmifcisi 
when  the  second  molecule  (Ma)  represents  the  compodtico,! 
name  marialite  is  used.  WemeriU,  or  common  scapdiie, 
a  combination  of  the  two  molecules  according  to  the  n 
Me  :  Ma  as  3  : 1  to  1:2;  while  miEamite  corresponds  to  I 
ratios  of  Me  i  Ma  as  1  : 2  to  1 : 3.  Mixtures  in  all  pnqxrfi 
may  exist. 

Wemerite.    Common  Scapolite. 
Composition.    See  above. 

CryataUlsatlon.     Tetragonal;  tripyramidal.    Crystals ow' 
prismatic.    Prominent  forms  are  prisms  of  the  first  and  seNl 


orders,  pj^ramid  of  first  (Fig.  313).    Rarely  shows  the  ttOt 
the  pyramid  of  the  third  order  (Fig.  314). 
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tructure.  Crystals  are  usually  coarse,  with  rough  faces  and 
m  large.    Also  massive,  granular,  or  with  faint  fibrous  appear- 

Physieal  Properties.  Imperfect  prismatic  cleavage.  H.= 
).  G.  =  2.68.  Vitreous  luster  when  fresh  and  unaltered, 
lor  white,  gray  or  pale  green.  Transparent  to  opaque. 
rests.  Fusible.  Varieties  containing  sodium  give  yellow 
me  on  ignition.  Imperfectly  decomposed  by  hydrochloric 
id,  yielding  separated  silica  but  without  the  formation  of  a 

ly. 

Alteration.  Easily  altered  into  various  other  minerals,  such 
mica,  epidote,  talc,  kaolin,  etc. 

Occurrence.  The  scapolites  occur  in  the  crystalline  schists, 
eiases  and  amphibolites,  and  in  many  cases  have  probably  been 
rived  by  alteration  from  plagioclase  feldspars.  They  also  charac- 
ristically  occur  in  crystalline  limestones  formed  through  the  coi)- 
ct  metamorphic  action  of  an  intruded  igneous  rock.  Associated 
ith  light  colored  pyroxene,  amphibole,  garnet,  apatite,  titanite, 
rcoD,  etc.  Found  in  various  places  in  Massachusetts;  Orange, 
Mex,  Lewis,  Jefferson  and  St.  Lawrence  counties,  New  York;  at 
renville,  Templeton,  Algona,  etc.,  Canada. 

The  other  members  of  the  group,  mdonite^  mizzonite  and 
^JnoHite^  are  much  rarer  in  occurrence.  Their  crystals  are 
Ually  smaller  and  of  better  quahty  than  those  of  wernerite. 
eionite  and  missonitc  are  found  in  limestone  blocks  on  Monte 
mma. 


Vesuvianite. 


Iromposition.  A  basic  silicate  of  calcium  and  aluminium, 
ntains  usually  also  iron  oxides,  magnesia  and  fluorine.  For- 
ila  imcertain. 

Crystallization.  Tetragonal.  Prismatic  in  habit.  Often  ver- 
illy  striated.  Common  forms  are  prisms  of  first  and  second 
ers,  pyramid  of  first  order  and  base  (Figs.  315  and  316). 
ne  crystals  show  a  more  complex  development  with  other 
mis,  pyramids,  ditetragonal  forms,  etc. 
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In  crystals,  also  masmve,  ctrfnmimr,  gnnnhr. 
Phyric»l  PropwtiM.    H.=  6.5.    G.  =  3.3&-4.45.    VrtreooBto 
resinous  luster.     Usually  green  or  brown  in  color;  also  ydlm, 
blue,  red.    Commonly  subtraosparent  to  translucent.    Streak 


TflStS.  Fuses  with  intumescence  to  a  greenish  or  brownidi 
gliLs.-4.  Only  slightly  soluble  in  acids  but  gelatinises  in  hydro- 
chloric acid  after  simple  fusion. 

Occurrezuse.  Usually  to  be  found  in  crystalline  liaieBtones  wben 
th(iy  have  been  metamorphosed  by  the  contact  action  of  igneous 
rcicitH,  Formed  probably  by  the  action  upon  impure  limestone  d 
hot  vnpors  containing  water  and  fluorine  given  off  by  the  igneous 
rock.  Associated  with  other  contact  mioerals,  such  aa  game^ 
pyroxene,  tourmaline,  chondrodite,  etc.  Was  origiDaUy  discovertd 
in  the  ancient  ejections  of  Vesuvius  and  in  the  dolomitic  blocks  of 
Monte  Sommu.  Important  localities  are,  Ala,  Piedmont;  Mon- 
zoni,  Tyrol;  Vesuvius;  Christiansand,  Norway;  Achmatooak, 
Urals;  River  Wilui,  Siberia;  in  the  United  States,  at  Fhippsbuig 
and  Rumford,  Maine;  near  Amity,  New  York;  Inyo  County,  Cali- 
fomia;  in  Canada  at  Idtchfleld,  Pontiac  County;  at  GrecviUe, 
Ontario;  at  Templeton,  Quebec. 


ZIBCOH  QROnP. 

Zircon. 

Composltioo.     ZrSiOi  =  Silica  32. S,  zirconia  67.2. 
Crystalllzatloti.     Tetragonal.    Crystals  usually  show  a  sim] 
combination  of  prism  and  pyramid  of  the  first  order  (I^lgs.  3 


and  318).    The  prism  of  the  eecond  order  and  a  dJtetragonal 
pyramid  also  at  times  observed  (Fig.  319).    Base  very  rare. 


^ 


Rb.31 


Fig.  318. 


Fii.  319. 


Crystal  forms  and  axial  ratio  prove  a  close  relatioiiBhip  between 
nicoD  and  cassiterite  and  nitile. 

Structure.     Usually  crystallized;  also  in  irregular  grains. 

Physical  Fr<q>Mtlea.  H.  =  7.5.  G.=4,68.  Luster  adaman- 
tine. Usually  nearly  opaque,  sometimes  transparent.  Color 
commonly  some  shade  of  brown;  also  colorless,  gray,  green,  red. 
Streak  uncolored.     High  refractive  index. 

Ttats.  Infufflble.  A  small  fragment  when  intensely  ignited 
^ows  and  j^ves  oft  a  white  light.  When  fused  with  sodium  car- 
bonate and  fusion  then  dissolved  in  dilute  hydrochloric  acid,  the 
solution  will  turn  a  piece  of  turmeric  paper  to  an  orange  color 
(arcDnium).  Recognized  usually  by  its  characteristic  crystals. 
Color,  luster,  hardness  and  high  specific  gravity. 

OccUITMlC*.  Zircon  is  a  common  and  widely  distributed  acces- 
sory mineral  in  all  classes  of  igneous  rocks.  It  is  especially  frequent 
in  the  more  acid  types  such  as  granite,  syenite,  diorite,  etc.  Very 
common  in  nephelite-syenite.  It  is  the  first  one  among  the  silicates 
to  crystallize  out  from  a  cooling  magma.  Found  also  commonly  in 
^crystalline  limestone,  in  gneiss,  schist,  etc.  Found  frequently  as 
rounded  pebbles  in  stream  sands;  often  with  gold.  Gem  zircons 
Kre  found  in  the  stream  sands  at  Matura,  Ceylon.  Occurs  in  the 
gold  gravels  in  the  Urals,  Australia,  etc.  Found  in  the  nephelite- 
syenites  of  Norway  and  of  Litchfield,  Maine.  In  considerable 
quantity  in  the  sands  of  Henderson  and  Buncombe  counties,  North 
Cwolina., 
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Use.  When  transparent  serves  as  a  gem  stone,  valued  obo- 
ally  at  SIO  or  less  per  carat.  It  is  sometimes  colorless,  but  mm 
often  of  a  brownish  and  red-orange  color,  called  hyacinth  or  jo- 
cinth.  The  colorless,  yeUowish  or  smoky  stones  are  called  jar- 
gon, because  while  resembling  the  diamond  they  have  little  value; 
and  thence  the  name  zircon.  Serves  as  the  source  of  zirconium 
oxide,  which  with  other  rare  oxides  is  used  in  the  manufacture 
of  the  Welsbach  incandescent  mantle. 

Thorite. 

Thorium  sihcate,  ThSi04,  always  with  some  water,  probably  from 
alteration,  and  sometimes  uranium.  Tetragonal.  Crystal  forms 
resemble  those  of  zircon.  Also  massive.  Resinous  to  greasy  luster. 
H.  =  4.5-5.  G.  =  4.8-5.2.  Color  orange-yellow,  brown,  black. 
Transparent  to  opaque.  Infusible.  Soluble  in  hydrochloric  acid 
and  gives  gelatinous  sihea  upon  evaporation.  A  rare  mineral,  found 
chiefly  in  Norway,  commonly  altered.  For  uses  of  thorium  see 
under  monazite. 

DANBUBITE-TOPAZ  QBOUP. 
Danburite. 

Composition.    Calcium-boron  silicate,  CaBi(Si04)j. 

Crystallization.  Orthorhombic.  Prismatic  crystals,  cloedy 
related  to  those  of  topaz  in  habit. 

Structure.     Commonly  in  crystals. 

Physical  Properties.  H.=  7-7.25.  G.=  2.97-3.02.  Vitre- 
ous luster.  Colorless  or  pale  yellow.  Transparent  to  transit'' 
cent. 

Tests.    Fusible  (3.5-4),  giving  a  green  flame.  •Insoluble  i^ 
acids. 

Occurrence.     Found  in  crystals  at  Danbury,  Conn.;  Ruas^^ 
New  York;  eastern  Switzerland;  Japan. 

Topaz. 

Composition.     (Al.F)2Si04  with  isomorphous(A1.0H)tSiO*- 
Crystallization.    Orthorhombic.    In  prismatic  crystals  terxi^ 
nated  by  pyramids,  domes  and  basal  plane  (Figs.  320,  321 


(22) .     Often  highly  modified  (Fig.  323) .    Prism  faces  often  ver- 
acally  striated. 


Structure.     In  crystalline  r 


;  also  granular,  coarse  c 


PhTBical  Propertie>.  Perfect  baaal  cleavage.  H.  =  8  (unusu- 
ally higli).  G.  =  3.52-3.57.  Vitreous  luster.  Colorless,  yellow, 
yellow-brown,  pink,  bluish,  greenish.  Transparent  to  trans- 
lucent. 

Teats.  Infusible.  Insoluble.  Recognized  chiefly  by  its  crys- 
tals, its  basal  cleavage,  its  hardness  (8)  and  high  specific  gravity. 

Occurrence.  A  mineral  formed  tl  rough  thp  agency  of  fluDnne 
be&ring  vapors  given  off  during  the  last  stages  of  the  Holidilicat  i 
of  igneous  rocks.  Found  in  cavities  in  rhyolite  lavas  and  granite 
a  characteristic  mineral  in  pegmatite  veins  \3ao01ated  with  other 
pneumatolytic  minerals,  as  tourmaline  cassitente  apatite  fluonte 
etc.;  also  with  quartz,  mica,  feldspar  Found  at  times  as  rolled 
pebbles  in  stream  sands.  Notable  1  calities  for  its  occurrence  are 
the  Nerchinsk  district  in  Siberia  in  large  wine-vellow  crystals  from 
AduDchilon  and  Mursinka,  Siberia  in  pate  blue  crystals  fr  m 
various  tin  localities  in  Saxony;  from  Minas  Ceraes  Brazil  Mino 
Province,  Japan;  San  Luis  Potosi,  Mexico  Pike  s  Peak  and  Nath 
rop,  Colorado;  Thomas  Range,  Utah    Stoneham   Maine 

Name.  Derived  from  the  name  of  an  island  in  the  Red  Sea 
but  originally  probably  applied  to  stme  other  species 

Use.  As  a  gem  stone.  A  number  of  other  inferior  stones  are 
also  frequently  called  topaz.  The  color  of  the  stones  ^  aries 
being  colorless,  wine-yeilow,  golden  brown  pale  blue  and  pink 
The  pink  color  is  usually  artificial   being  produced  bj  gentiv 
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heating  the  dark  yellow  stones;  it  is  permanent,  however.   The 
value  of  topaz  ranges  up  to  $10  for  a  one-carat  stone. 

Andalusite.     Chiastolite. 

Composition.    Aluminium  silicate,  Al2Si06  =  Silica  36.8,  alu- 
mina 63.2. 

Crystallization.    Orthorhombic.    Usually  in  coarse,  nearly 
square  prisms.    Closely  related  crystallographically  to  topw. 
Structure.     In  crystals;  massive. 

Physical  Properties.    H.=  7.5.    G.  =  3.16-3.20.    VitreoM 
luster.     Flesh-red,  reddish  brown,  olive-green.    Often  with  daA 

colored  carbonaceous  inclusions  forming  a 
cruciform  design,  lying  parallel  to  the  anal 
directions  (variety  chiastolite  or  made)  (8W 
Fig.  324).  Transparent  to  opaque.  At  times 
strongly  dichroic,  appearing,  in  transmitted 
light,  green  in  one  direction  and  red  in  another. 
Tests.  Infusible.  Insoluble.  When  fine 
Fig.  324.  powder  is  made   into  a  paste  with  cobalt 

Cross  Section  of  Chi-  nitrate  and  intensely  ignited  it  turns  bine 

astolite  Crystal.  /   i        .    •        \  •'      «= 

(alummium). 

Occurrence.  Found  in  schists.  Often  impure  and  commonly, 
at  least  partly  altered.  Notable  localities  are  in  Andalusia,  Spam; 
the  Tyrol;  in  water- worn  pebbles  from  Minas  Geraes,  Brazil.  In 
the  United  States  at  Standish,  Maine;  Westford,  Lancaster  and 
Sterling,  Massachusetts;  Litchfield  and  Washington,  Connecticut; 
Delaware  County,  Pennsylvania.  Chiastolite  is  found  in  Morihan, 
Brittany;  Bimbowrie,  South  Australia;  and  Massachusetts. 

Use.     When  clear  and  transparent  may  serve  as  a  gem  stone. 

Sillimanite.     Fibrolite. 

An  aluminium  silicate  like  andalusite,  AUSiOg.  An  orthorhombic 
mineral,  occurring  in  long  slender  crystals  without  distinct  termina- 
tions; often  in  parallel  groups;  frequently  fibrous.  Perfect  pinar 
coidal  cleavage.  H.  =  6-7.  G.  =3.23.  Color  hair-brown  to  pale 
green.  Transparent  to  translucent.  Infusible.  Insoluble.  A 
comparatively  rare  mineral,  found  as  an  accessory  constituent  of 
metamorphic  rocks;  gneiss,  mica-schist,  etc. 
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Cyanite. 
CompoBition.    Aluminium  silicate,  like  andalusite  and  silli- 
lanite,  Al2Si06. 

Crystallisation.    Triclinic.    Usually  in  long  tabular  crystals; 
inninations  rare. 
Structure.    In  bladed  forms. 

Physical  Properties.  Perfect  pinacoidal  cleavage.  H.  =  5 
irallel  to  length  of  crystals,  7  at  right  angles  to  this  direction. 
.  =  3.56-3.66.  Vitreous  to  pearly  luster.  Color  usually  blue, 
ten  of  darker  shade  toward  the  center  of  the  crystal.  Also  at 
nes  white,  gray  or  green. 

Tests.  Infusible.  Insoluble.  A  fragmcQt  moistened  with 
bait  nitrate  and  ignited  assumes  a  blue  color  (aluminium), 
taracterized  by  its  bladed  crystals,  good  cleavage,  blue  color 
d  the  fact  that  it  is  softer  than  a  knife  in  the  direction  parallel 
the  length  of  the  crystals  but  harder  than  a  knife  in  the 
"ection  at  right  angles  to  this. 

Occurrence.  An  accessory  mineral  in  gneiss  and  mica-schist, 
«n  associated  with  garnet,  staurolite,  corundum,  etc.  Notable 
alities  for  its  occurrence  are  St.  Gothard,  Switzerland;  in  the 
Tol;  Litchfield,  Connecticut;  Chester  and  Delaware  counties, 
nnsylvania;  Gaston,  Rutherford  and  Yancey  counties.  North 
Tolina. 

Wame.    Derived  from  a  Greek  word  meaning  blue. 


Datolite 

[Composition.  A  basic  ortho- 
cate  of  calcium  and  boron, 
(B.0H)Si04  =  Silica  37.6,  bo- 
i  trioxide  21.8,  lime  35,  water 


[l/rystallization.  Monoclinic. 
.bit  varied.  Crystals  usually 
ixly  equidimensional  in  the 
ee  axial  directions  and  often 
nplex  in  development  (Fig. 
>). 


Fig.  325. 
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Structure.  In  crystals.  Coarse  to  fine  granular.  Sometimeg 
compact. 

Physical  Properties.  H.  =  5-5.5.  G.  =  2.8-3.  Vitreous  lus- 
ter. Colorless,  white,  yellow.  Often  with  faint  greenish  tinge. 
Transparent  to  translucent,  rarely  opaque. 

Tests.  Fuses  at  2-2.5  to  a  clear  glass  and  colors  the  flame 
green  (boron).  Soluble  in  hydrochloric  acid  and  yields  gelati- 
nous silica  on  evaporation.  Gives  a  little  water  in  C.  T.  Char- 
acterized by  its  glassy  luster,  pale  green  color,  and  its  crystals 
with  many  and  usually  irregularly  developed  faces. 

Occurrence.  A  mineral  of  secondary  origin,  found  usually  in 
cavities  in  basalt  lavas  and  similar  rocks.  Associated  with  varioos 
zeolites,  with  calcite,  prehnite,  etc.  Occurs  associated  with  the 
trap  rocks  of  Massachusetts,  Connecticut  and  New  Jersey,  particu- 
larly at  Westfield,  Massachusetts,  and  Bergen  Hill,  New  Jeney. 
Found  associated  with  the  copper  deposits  of  Lake  Superior. 

Name.  Derived  from  a  Greek  work  meaning  to  divide,  allud- 
ing to  the  granular  structure  of  a  massive  variety. 

A  rare  mineral  belonging  to  the  Datolite  Group  is  gadoliniU, 
BesFeYaSiaOio. 

EPIDOTE  GROUP. 
Zoisite. 

Composition.    HCaaAUSisOw  =  Silica  39.7,  alumma  33.7,  lime 
24.6,  water  2.0. 

Crystallization.  Orthorhombic.  Prismatic  crystals  usually 
without  distinct  terminations.    Vertically  striated. 

Structure.     In  crystals;  also  massive. 

Physical  Properties.  H.  =  6-6.5.  G.  =  3.25-3.37.  Vitre- 
ous luster.  Color  grayish  white,  green,  pink.  Transparent  to 
almost  opaque. 

Tests.  Fuses  at  3-4  with  intumescence  to  a  light  colored  slag. 
Yields  a  little  water  on  intense  ignition  in  C.  T. 

Occurrence.  Usually  in  crystalUne  schists  with  one  of  the  am- 
phiboles.     Thulite  is  a  rose-pink  variety. 
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Epidote. 

apofldtion.     Caj(A1.0H)(Al,Fe)2(Si04),.     Iron  occurs  in 
ig  amounts  isomorphous  with  both  the  aluminium  and  cal- 

Btallization.    Monoclinic.    Crystals  are  often  much  elon- 

parallel  to  the  ortho-axis  with  a  prominent  development 

faces  of  the  orthodome  zone, 

them    a    prismatic    aspect. 


k1  parallel  to  the  ortho-axis.      \  a 

Dated  usually  only  at  one  end 
i  ortho-axis  and   most  com- 
by  the  two  faces  of  a  pyra-  ^^^-  ^^^• 

Fig.  326).     Twinning  shown  at  times. 
icture.     Usually  coarse  to  fine  granular.    In  crystals.    At 
fibrous. 

Bical  Properties.  Perfect  basal  cleavage.  H.  =  6-7.  G.  = 
.45.  Vitreous  luster.  Color  usually  pistachio-green  or 
ish  to  blackish  green,  sometimes  gray.  Transparent  to 
e.  Transparent  varieties  often  show  strong  dichroism, 
•ing  dark  green  in  one  direction,  and  brown  in  a  direction 
it  angles  to  the  first. 

»•  Fuses  at  3-4  with  intumescence  to  a  black  slag.  On 
3  ignition  in  C.  T.  yields  a  little  water. 

iirrence.  Epidote  occurs  commonly  in  the  crystalline  meta- 
ic  rocks;  as  gneiss,  amphibolite  and  various  schists.  Is 
I  frequently  also  during  the  metamorphism  of  an  impure 
me.  Is  the  product  of  alteration  of  such  minerals  as  feldspar, 
ne,  amphibole,  biotite,  scapolite,  etc.  Often  associated  with 
e.  Notable  localities  for  its  occurrence  in  fine  crystals  are 
»enwand,  Unterzulzbachthal,  Tyrol;  Bourg  d'Oisans,  Dau- 
the  Ala  Valley  and  Traversella,  Piedmont;  Prince  William 
Alaska;  Haddam,  Connecticut;  Riverside,  California. 

Allanite. 

ineral  similar  to  epidote  in  composition,  but  containing  con- 
)le  amounts  of  the  cerium  metals,  cerium,  lanthanum  and 
ium,  and  sometimes  with  smaller  amounts  of  yttrium  and 
I.     Composition  complex  and  widely  varying.     Monoclinic, 
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habit  of  cr3rstals  often  similar  to  epidote.  Commonly  massive 
in  embedded  grains.  H.  =  5.5-6.  G.  =  3.5-4.2.  Submetallic  to 
pitchy  and  resinous  luster.  Brown  to  pitch-black  color.  Fuses  at 
2.5  with  intumescence.  Sometimes  magnetic  after  heating.  Gelati- 
nizes in  acids.  Occurs  as  a  minor  accessory  constituent  in  many 
igneous  rocks.     Frequently  associated  with  epidote. 


age. 


Fig.  327. 

H.  =  6.5-7. 


Axinite. 

Composition.  Ca7Al4Bs(Si04)8;  with  varjring  amounts  of  fer- 
rous iron,  manganese,  magnesium  and  hydrogen  isomorphous 

with  the  calcium,  and  ferric  iron  with  the 
aluminium. 

Crystallization.  Triclinic.  Crystals 
usually  thin  with  sharp  edges  but  varied 
in  habit  (Fig.  327). 

Structure.  In  crystals.  Massive,  la- 
mellar to  granular. 

Physical  Properties.    Pinacoidal  cleav- 
G.=  3.27-3.35.     Vitreous  luster.     Color 
clove-brown,  gray,  green,  yellow.    Transparent  to  opaque. 

Tests.  Fusible  at  2.5-3  with  intumescence.  When  mixed 
with  potassium  bisulphate  and  fluorite  and  the  mixture  heated 
on  platinum  wire  gives  a  green  flame  (boron). 

Occurrence.  Notable  localities  for  its  occurrence  are  Bourg 
d'Oisans  in  Dauphin^;  St.  Just,  Cornwall;  Obira,  Japan;  Franklin 
Furnace,  New  Jersey,  etc. 

Name.  Derived  from  a  Greek  word  meaning  ax,  in  allusion 
to  the  wedgelike  shape  of  the  crystals. 

Prehnite. 

Composition.  H2Ca2Al2Si30i2  =  Silica  43.7,  alumina  24.8, 
lime  27.1,  water  4.4. 

Crystallization.     Orthorhombic.    Distinct  crystals  rare. 

Structure.  Reniform,  stalactitic.  In  rounded  groups  of  tab- 
ular crystals. 

Physical  Properties.  H.  =  6-6.5.  G.  =  2.8-2.95.  Vitreous 
luster.  Color  usually  light  green,  passing  into  white.  Trans- 
lucent. 
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Fuses  at  2.5  .with  intumescence  to  an  enamel.  Heated 
yields  water.  Slowly  acted  upon  by  hydrochloric  acid 
inizes  after  simple  fusion. 

'ence.  As  a  mineral  of  secondary  origin  lining  amygdaloidal 
i  basalt,  etc.  Associated  with  zeolites,  datolite,  pectolite, 
c.  Occurs  in  the  United  States  at  Farmington,  Connecti- 
frson  and  Bergen  Hill,  New  Jersey;  Somerville,  Massa- 

Lake  Superior  copper  district.     Found  also  in  various 

localities. 

4.   SX7BSILICATES. 
HXJMITE  GROUP. 

iree  minerals,  humite,  Mg8[Mg(F,OH)]2[Si04]2,  chondro- 
[Mg(F,OH)]2[Si04]8,  and  clinohumite,  Mg7[Mg(F.OH)]2- 
re  closely  related  chemically  and  crystallographically. 
e  characteristically  found  in  crystalline  limestones, 
lite  is  the  most  common  in  occurrence. 


,  or  lievrite,  HCaFe2"Fe'"Si209,  is  a  rare  mineral  be- 
II  this  section. 

Calamine. 

>sition.     Silicate  of  zinc,  H2(Zn20)Si04  =  Silica  25,  zinc 

5,  water  7.5. 

llization.    Orthorhombic;hemimorphic.    Crystals  usu- 

lar  parallel  to  the  brachypinacoid.    They  show  prism 

i  are  terminated  above  usually  by  a 

ion    of     macrodomes    and    brachy- 

ind  base,  and  below  by   a   pyramid 

). 

ure.  Usually  in  crystal  groups  with 
riduals  attached  at  their  lower  (pyra- 
ids  and  lying  with  their  brachypinacoid 
common.  Crystals  often  divergent, 
►unded  groups  with  slight  reentrant 
between  the  individual  crystals,  form- 
kle  or  coxcomb  masses.  Also  mammillary,  stalactitic, 
md  granular. 


a 


m 


Fig.  328. 
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Physical  Properties.  Prismatic  cleavage.  H.= 4.5-5.  G.» 
3.4-3.5.  Vitreous  luster.  Color  white,  sometimes  with  fainfc 
bluish  or  greenish  shade;  also  yellow  to  brown.  Transparent 
to  translucent.    Strongly  pyxoelectric. 

Tests.  Fusible  with  difficulty  at  5.  Soluble  in  hydrochloric 
acid  and  yields  gelatinous  silica  on  evaporation.  Fused  on 
charcoal  with  sodium  carbonate  gives  a  nonvolatile  coating  of 
zinc  oxide  (yellow  when  hot,  white  when  cold).  Gives  water  in 
C.  T.  Recognized  usually  by  the  characteristic  grouping  of  its 
crystals,  but  may  be  obscure  and  to  be  determined  only  by  above 
tests. 

Occurrence.  A  mineral  of  secondary  origin,  found  in  the  oxidized 
portion  of  zinc  deposits,  associated  with  smithsonite,  sphalerite, 
cerussite,  anglesite,  galena,  etc.  Usually  with  limestone  nxsks. 
Occurs  at  Altenberg  and  Moresnet,  Belgium;  Aix-la-Chapelle,  Ger- 
many; in  Carinthia;  Hungary;  Cumberland,  England;  Sterlmg 
Hill,  near  Ogdensburg,  New  Jersey;  Friedensville,  Pennsylvania; 
Wythe  County,  Virginia;  with  the  zinc  deposits  of  southwestern 
Missouri. 

Name.  Supposed  to  be  derived  from  cadmia,  a  name  given 
by  the  ancients  to  the  silicate  and  carbonate  of  zinc.  The 
mineral  is  called  by  English  mineralogists  hemimarphite  or  deo 
trie  calamine. 

Use.    An  ore  of  zinc. 

Tourmaline. 

Composition.  A  complex  silicate  of  boron  and  aluminium,  con- 
taining varying  amounts  of  ferrous  iron,  magnesium,  magnanese, 
calcium,  sodium,  potassium,  lithium,  hydroxyl  and  fluorine. 

Crystallization.  Hexagonal-rhombohedral;  hemimorphic. 
Crystals  usually  prismatic,  vertically  striated.  A  triangular 
prism,  with  three  faces,  prominent,  which  with  the  tendency  of 
the  prism  faces  to  be  vertically  striated  and  to  round  into  each 
other  gives  the  crystals  usually  a  cross  section  like  a  spherical 
triangle  (Fig.  329).  Crystals  are  commonly  terminated  by  base 
and  low  positive  and  negative  rhombohedrons;  sometimes 
scalenohedrons  are  present.    When  the  crystals  are  doubly  tcr- 
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minuted  th^  usually  show  diffa-ent  forms  at  the  opposite  ends 
of  the  vertical  axis  (hemimorphiam)  (Figs.  330  and  331). 


Fie.  330. 


Usually  in  crystals.  Sometimes  nmasive  com- 
pact; also  coarse  to  fine  columnar,  either  radiating  or  parallel. 

Phyilcal  PropoTtias.  Vitreous  to  reeiaous  luster.  Color 
varied,  depending  upon  the  composition.  Common  tourmaline 
vith  much  iron  is  black,  sometimes  brown.  More  rarely  light 
colored  in  fine  shades  of  red,  pink,  green,  blue,  yellow,  etc. 
Rarely  white  or  colorless.  A  single  crystal  may  show  several 
different  colors  either  arranged  in  concentric  bands  about  the 
center  of  the  crystal  or  in  transverse  layers  along  its  length. 
Stroi^Jy  pyroelectric;  i.e.,  when  cooling  from  being  heated  to 
about  100^  C.  it  develops  positive  electricity  at  one  end  of  the 
crystal  and  n^ative  at  the  other,  which  enables  the  crystal  to 
attract  and  hold  bits  of  paper,  etc.  Strongly  dichroic;  i.e.,  light 
traversing  the  crystal  in  one  direction  may  be  of  quite  a  different 
etdta  or  shade  of  color  from  that  traveraiug  the  crystal  in  a 
direction  at  right  angles  to  the  first.  H.  =  7-7.5;  G.  =  2.98-3.2, 

Tavt>.  To  be  recognized  usually  by  the  characteristic  rounded 
triangular  cross  section  of  the  crystals;  absence  of  prismatic 
cleavage,  coal-like  fracture  of  black  variety. 


Tourmaline  is  one  of  the  most  common  and  charac- 
teristic mineisls  formed  by  pneumatalytic  action.  That  is,  it  is  a 
minerd  that  has  been  formed  at  high  temperatures  and  pressures 
through  the  agency  of  vapors  carrying  boron,  fluorine,  etc.  It  ia 
found,  therefore,  commonly  as  an  accessory  mineral  in  p^matite 
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veins,  or  dikes,  occurring  with  granite  intnisioiiB.  Anociitcd  will 
the  ordinary  minerala  of  granitfi  p^matit*,  orthocUae,  albite,  qniiii 
aod  muacovit«;  also  with  lepidohte,  beryl,  apatite,  BuoHle,  de- 
Found  also  aa  an  acceasory  mineral  in  metamorphk  rocics,  end)  H 
gneiaaes,  echists  and  crystalline  limestones. 

The  black  tourmaline  is  ot  widespread  occurrence  aa  an  accewn 
mineral  in  metamorphic  rocks.  The  light  colored  gem  varietia 
are  found  in  the  pegmatite  dikes.  Famoua  localities  for  the  oraa- 
rence  of  the  gem  tourmalines  are  the  ialand  of  Elba ;  in  the  sUM  o( 
Minaa  Gcraea,  Brazil;  Ural  Mountains  near  Ekaterinburg;  Mwk- 
gascar;  Parle  and  Auburn,  Maine;  HaddamNeck,  Comiecticut;  Men 
Grande,  Pala,  Rincon  and  Ramona  in  San  Diego  County,  C^onuL 

Nam«.  The  name  tourmaline  comes  from  tvramali,  a  name 
givon  to  the  early  geme  from  Ceylon. 

Use.  Tourmaline  forma  one  of  the  most  beautiful  of  the  semi- 
precious gem  stones.  The  color  of  the  stones  varies,  the  princi- 
pal ahadcs  being  oiive-greea,  pink  to  red  and  blue.  Sometimes 
a  stone  isaocutos  to  show  different  colors  in  different  parte.  Tbe 
green-colored  atones  are  usually  known  by  the  mineral  name, 
tourmaline,  or  as  Brazilian  emeraids.  The  red  or  pink  stones 
arc  known  aa  rubetliU,  while  the  rarer  dark  blue  stones  are  called 
itulicolile. 

Staurolite. 

CompoBitioo.  A  ferrous  iron-aluminium  silicate,  HAl|Fe- 
Si,0,4. 

Crjrstallization.  Orthorhombic.  Habit  priamatic,  showing 
usually  u  combination  of  prism  with  lai^  angle  (130°),  brachy- 


FJR,  3i2.  Fix.  333.  Elc.  33t. 

pinacoid,  base  and  macrodome  (Fig.  332).       Cruciform  twins 
verj  common;  of  two  types,  (1)  in  which  the  two  individuals 
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I  at  nearly  90°  (Fig.  333),  (2)  in  which  they  cross  at  nearly 

(Fig.  334).      Sometimes  both  types  are  combined  in  one 

i^al. 

ructure.     Usually  in  crystals. 

lysical  Properties.    H.  =  7-7.5.    G.  =  3.65-3.75.    Resm- 

X)  vitreous  luster,  for  pure  and  fresh  material;  often  dull  to 

ly  when  altered  or  impure.    Color  red-brown  to  brownish 

i.    Translucent  to  opaque. 

«ts.     Infusible.    Insoluble.    On  intense  ignition  in  C.  T. 

is  a  little  water.    Often  very  impure.     Recognized  by  its 

acteristic  crystals  and  twins. 

(currence.  Staurolite  is  an  accessory  mineral  in  metamorphic 
j;  in  crystalline  schists,  slates,  and  sometimes  in  gneisses. 
1  associated  with  garnet,  cyanite,  sillimanite,  tourmaline.  No- 
localities  for  its  occurrence  are  Monte  Campini,  Switzerland; 
rittany;  Minas  Geraes,  Brazil;  Windham,  Maine;  Franconia 
Lisbon,  New  Hampshire;  Chesterfield,  Massachusetts;  Fannin 
ity,  Georgia. 

kxne.     Derived  from  a  Greek  word  meaning  crosSj  in  allusion 

3  cruciform  twins. 

e.     Occasionally  a  transparent  stone  from  Brazil  is  cut  as  a 


HYDROUS  SILICATES. 

ZEOLITE   DIVISION. 

INTRODUCTORY  SUBDIVISION. 

Apophyllite. 

imposition.     H7KCa4(Si03)8.4iH20.     Usually  contains  a 
I  amount  of  fluorine. 

Srstallization.  Tetragonal.  Usually  shows  a  combination 
ism  of  second  order,  pyramid  of  first  and  basal  plane  (Figs. 
Mid  336).  Small  faces  of  a  ditetragonal  prism  sometimes 
•ved  (Fig.  337).  Prism  faces  show  vertical  striations  and 
a  vitreous  luster,  while  base  shows  pearly  luster.  Crys- 
may  resemble  an  isometric  combination  of  cube  and  octa- 
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hedron,  but  are  shown  to  be  tetragonal  by  difference  in  luster 
between  faces  of  prism  and  base. 


n 


a 


Fig.  335. 


Fig.  336. 


Fig.  337. 


Structure.     In  crystals;  also  massive  and  lamellar. 

Physical  Properties.  Perfect  basal  cleavage.  H.  =  4.5-5. 
G.  =  2.3-3.4.  Luster  of  base  pearly,  other  faces  vitreous. 
Color  usually  colorless,  white  or  grayish;  may  show  pale  shades 
of  green,  yellow,  rose.  Usually  transparent,  rarely  nearly 
opaque. 

Tests.  Fuses  easily  with  swelling  to  a  white  vesicular  enamel. 
Colors  the  flame  pale  violet  (potassium).  Yields  16  per  cent 
of  water  in  C.  T.  Decomposed  by  hydrochloric  acid  with 
separation  of  silica  but  without  the  formation  of  a  jelly.  Solu- 
tion gives  little  or  no  precipitate  with  ammonia  but  gives  an 
abundant  white  precipitate  with  ammonium  carbonate  (calcium 
carbonate).  Recognized  usually  by  its  crystals,  color,  luster  and 
basal  cleavage. 

Occurrence.  Occurs  commonly  as  a  secondary  mineral  lining 
cavities  in  basalt  and  related  rocks.  Associated  with  various  aeo- 
lites,  with  calcite,  datolite,  pectolite,  etc.  Found  in  fine  crystals  at 
Bergen  Hill,  New  Jersey;  Cliff  Mine,  Lake  Superior  copper  district; 
Table  Mountain,  near  Golden,  Colorado;  mercury  mines,  NewAl- 
maden,  California;  Nova  Scotia;  Guanjuato,  Mexico;  near  Bombay, 
India;  Andreasberg,  Harz  Mountains;  Faroer  Islands;  Iceland; 
Greenland,  etc. 

Name.  Apophyllitej  named  from  two  Greek  words  meaning 
to  get  leaves,  because  of  its  tendency  to  exfoliate  when  ignited. 
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ZEOLITES. 

olites  form  a  large  family  of  hydrous  silicates  which 
}e  similarities  in  composition  and  in  their  associations 
3  of  occurrence.  They  are  silicates  of  aluminium  with 
ind  calcium  as  the  important  bases.  They  average 
to  5.5  in  hardness  and  from  2  to  2.4  in  specific  gravity, 
them  fuse  readily  with  marked  intumescence,  hence  the 
liUf  from  two  Greek  words  meaning  to  boil  and  stone. 
secondary  minerals  found  characteristically  in  cavities 
3  in  basic  igneous  rocks. 

Heulandite. 

sition,  H4CaAl2(Si08)6.3H20.  Monoclinic,  but  crystals 
ulate  orthorhombic  symmetry.  Clinopinacoid  prominent, 
ten  a  diamond  shape.  Perfect  cleavage  parallel  to  clino- 
H.  =  3.5-4.  G.  =  2.15-2.2.  Vitreous  luster,  except  on 
3oid,  which  is  pearly.  Color  white,  yellow,  red.  Trans- 
almost  opaque.  Fusible  (3)  with  intumescence.  Decom- 
hydrochloric  acid  with  separation  of  sihca.  Water  in  C.  T. 
il  of  secondary  origin  found  in  cavities  of  basic  igneous 
3ciated  with  other  zeolites,  calcite,  etc.  Found  in  notable 
I  Iceland;  the  Faroer  Islands;  British  India;  Nova  Scotia. 

Phillipsite. 

sition,  (K2,Ca)AljSi40i2.4iH20.  Monoclinic.  Crystals 
•mly  penetration  twins  but  often  appearing  to  be  tetragonal 
hombic  in  form.  Cleavage  parallel  to  base  and  cUnopina- 
.  =  4-4.5.  G.  =  2.2.  Vitreous  luster.  White  or  reddish 
Translucent  to  opaque.  Fuses  at  3  to  a  white  enamel, 
es  with  hydrochloric  acid.  Water  in  C.  T.  A  secondary 
'ound  in  cavities  of  igneous  rocks  associated  with  other 
3tc. 

Harmotone. 

im  zeolite  having  the  composition  (K2,Ba)Al2Si40i2.3H20. 
ic.  Crystals  are  uniformly  cruciform  penetration  twins, 
'leavage  parallel  to  clinopinacoid.  H.  =  4.5.  G.  =  2.4- 
reous  luster.  Colorless  or  white.  Translucent.  Fuses  at 
mposed  by  hydrochloric  acid  with  separation  of  sihca. 
of  sulphuric  acid  to  hydrochloric  acid  solution  gives  a 
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white  precipitate  of  barium  sulphate.  Water  in  C.  T.  A  mineral  of 
secoodary  origin,  occurring  in  cavities  of  basic  igneous  rocks,  asso- 
ciated with  other  zeolites,  calcite,  etc. 

Stilbite.     Desmine. 

Composition.     (Nai,Ca)Al,Si<Oi6.6H20. 
Crystallisation.    Monoclinic.    Uniformly  in  cruciform  twins. 
Commonly  tabular  parallel  to  clinopinacoid.    Crys- 
tals usually  in  sheaflike  aggregates  (Fig.  338). 

Structure.  In  cryTstal  groups,  divergent  or  radi- 
ated. 

Physical  Properties.  Perfect  cleavage  parallel 
to  clinopinacoid.  H.  =  3.5-4.  G.  =  2.1-2.2.  Vit- 
reous luster;  pearly  on  clinopinacoid.  CJolor  white, 
yellow,  brown,  red.    Translucent. 

Tests.  Fuses  with  intumescence  at  3.  Decom- 
posed by  hydrochloric  acid  with  separation  of  silica 
but  without  the  formation  of  a  jelly.  Water  in 
C.  T.  Characterized  chiefly  by  its  cleavage,  pearly 
luster  on  the  cleavage  face  and  common  sheaflike  groups  of 
crystals. 

Occurrence.  A  mineral  of  secondary  origin  found  in  amygdaloidal 
cavities  in  basalts  and  related  rocks.  Found  associated  with  other 
zeolites,  calcite,  etc.  Notable  localities  for  its  occurrence  are  Poo- 
nah,  India;  IsleofSkye;  Faroer  Islands;  Kilpatrick,  Scotland;  Ice- 
land; Nova  Scotia. 

Name.     Derived  from  a  Greek  word  meaning  luster. 


Fig.  338. 


Laumontite. 

A  zeolite  with  composition  H4CaAl2Si40i4.2H20.  Monoclinic. 
In  prismatic  crystals  with  oblique  terminations;  columnar.  Cleav- 
age parallel  to  prism  and  clinopinacoid.  H.  =  3.5-4.  G.  =  2.25- 
2.35.  Vitreous  to  pearly  luster.  Color  white  or  gray.  Alters  on 
exposure,  becoming  opaque  and  pulverulent.  Fusible  (2.5).  Gelat- 
inizes in  acids.  Water  in  C.  T.  Found  as  a  mineral  of  secondary 
orif2;in  in  cavities  of  basic  igneous  rocks,  associated  with  other  zeo- 
lites, etc. 
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Chabazite. 

k>mpoBition.  Usually  corresponds  to  (Ca,Na2)Al2Si40is.6HsO 
dififerent  analyses  show  considerable  variation  from  this 
nula,  so  that  the  composition  is  still  uncertain. 
iryBtallization.  Hexagonal-rhombohedral.  Common  form 
he  simple  rhombohedron  r,  having  nearly  cubic  angles.  May 
w  several  different  rhombo- 
rops  (Fig.  339).  Often  in 
etration  twins. 
tructiire.  Usually  in  crys- 
i* 

hyiical  Properties.  H.  = 
.  G.  =  2.05-2.15.  Vitreous 
«r.  Color  white,  yellow, 
h-red.  Transparent  to  trans- 
jnt.  ^«-  339. 

'efts.  Fuses  with  swelling  at  3.  Decomposed  by  hydro- 
)ric  acid  with  the  separation  of  silica  but  without  the  for- 
bion  of  a  jelly.  Solution  after  filtering  off  silica  gives  pre- 
itate  of  aluminium  hydroxide  with  ammonia,  and  in  filtrate 
tnonium  carbonate  gives  white  precipitate  of  <;alcium  carbo- 
e.  Gives  much  water  in  C.  T.  Recognized  usually  by  its 
stals. 

kMSurrence.  A  mineral  of  secondary  origin  found  usually  with 
er  zeolites,  lining  amygdaloidal  cavities  in  basalt.  Notable 
tlities  for  its  occurrence  are  the  Faroer  Islands;  Greenland  and 
!and;  the  Giant's  Causeway,  Ireland;  at  Aussig,  Bohemia;  in 
ira  Scotia,  etc. 

fame.  Chabazite  is  derived  from  a  Greek  word  which  was 
ancient  name  for  a  stone. 

HmelinUe,  (Nai,Ca)AljSi40ij.6H20,  is  closely  related  to  chaba- 
i  but  rarer  in  occurrence. 

Analcite. 

Composition.     Hydrous     sodium-aluminium     metasilicate, 
AlSisOe.HsO  =  Silica  54.5,  alumina  23.2,  soda  14.1,  water 
Note  similarity  in  composition  to  leucite,  KAlSiaO*. 
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CryitaUlifttlon.    Isometric.    Usuafly  in  ti  a^ieMitofaaB  ffi(. 
:ttO>.     CiiIh'm  with  trnpozohcdrai  tniDcations  abo  known  ^Fit 


Fie  ML 

StTuotur*.     I'siinlly  in  crystals,  also  massive  graaular. 

Pliytlo*!  PMPOrtt"-  11.-5-5.5.  G.  =  2.27.  Vitreous  li* 
III'     I'lilorUvvi  (ir  white.    Transparent  to  nearly  opaque. 

TmU.  1'ti.-'il>li'  lit  :i.r>,  becoming  6rat  opaque  and  then  a  deir 
tthiw.  ( \ili>rK  tlu'  lliiiuc  yellow  (sodium).  Decomposed  by  hy- 
ihui'lilnrii-  iiriii  with  tin-  tH'i>aration  of  silica  without  the  fonna- 
lum  ..f  !i  jolly.  ( lives  wiitiT  in  C.  T.  Usually  recognized  by  lis 
''iTNlnls  iiiiil  ll.'<  vitrctnis  liifter. 

O«oiirr«iio».  t  oi II (11111  ily  a  Hccondary  mineral,  formed  by  the 
!irti»ii  of  lu>t  ni-t'iibilinK  u'litcni,  and  is  to  be  found  deposited  intlM 
.■iiviiiii'  !■(  inin'oii.-*  imii  i-spiyittUy  volcanic  rocke.  AaBociat«d  irith 
r:il.-iii-,  iiuil  viiriiiiiH  wsililiit  and  related  minerals.  Fine  crystala 
rnmiil  III  Itt'i'tii'ii  Hill,  New  Jcrwy;  in  the  Lake  Superior  copper 
liiNiiii-i:  111  Tnlili'  Mimiituin,  near  Golden,  Colorado;  at  Cape 
Itlnmiiliiii,  Niivit  KiHitiii:  in  the  Cyclopean  Islands  near  Sicily;  in 
ilir  Fiiwii thill,  'ryrt'l;  on  the  Fiir6cr  Islands;  in  Icdand. 


Naiue.     1><T 


.-.I  {«> 


(.irock  word  meaning  weak,  in  alluaoa 

If.  its  wc:ik  rli-i-trii-  powiT  when  heated  or  rubbed. 

NatroUte. 

CompoBlUon.     Nii,AliSijOi„,2H,0.    A  zeolite. 

Crystallliatlon.  Orthurhonibic.  Crystals  usually  alendei 
prisniiilic,  often  ju-ieiilar.  Prism  zone  vertically  striated.  Some- 
tiiiifs  li^nniiiiitcil  by  low  pyramid.  CryBtala  often  appear  U 
be  tetragonal  in  syiiinictry.    Sometimes  in  cruciform  twins. 
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tore.     Usually  in  radiating  crystal  groups  (see  Fig.  C, 
also  fibrous,  massive,  granular  or  compact. 
cal  Properties.    Perfect  prismatic  cleavage.    H.  =  5-5.5. 
J5.    Vitreous  luster.    Colorless  or  white.    Sometimes 
sUow  to  red.    Transparent  to  translucent. 

Easily  fusible  (2.5)  to  a  clear,  transparent  glass  giving 
'  (sodium)  flame.  Water  in  C.  T.  Soluble  in  hydro- 
acid  and  gelatinizes  upon  evaporation.  Recognized 
ty  its  radiating  crystals. 

rence.  A  mineral  of  secondary  origin,  found  lining  amygda- 
dties  in  basalt,  etc.  Associated  with  other  zeolites,  calcite, 
•table  localities  for  its  occurrence  are  Aussig  and  Teplitz, 
;  Puy  de  Dome,  France;  Fassathal,  Tyrol;  Kapnik,  Hun- 
various  places  in  Nova  Scotia;  Bergen  Hill,  New  Jersey; 
istrict,  Lake  Superior. 

Scolecite. 

lite  with  composition  CaAlaSiaOio.SHsO.  Monoclinic.  In 
prismatic,  twinned  crystals.  In  radiating  groups.  Some- 
^rous.  Prismatic  cleavage.  H.  =  5-5.5.  G.  =  2.16-2.4. 
luster;  silky  when  fibrous.  Colorless  or  white.  Trans- 
>  almost  opaque.  Fuses  at  2.5  to  a  voluminous  frothy  slag, 
sea  in  acids.  Water  in  C.  T.  A  mineral  of  secondary  origin, 
ling  cavities  in  basic  igneous  rocks,  associated  with  other 
etc. 

Thomsonite. 

)lite,  having  the  composition  (Na2Ca)Al2(Si04)2.2iH20. 
>mbic  but  distinct  crystals  rare.  Commonly  columnar 
iated  structure.  Perfect  pinacoidal  cleavage.  H.  =  5-5.5. 
-2.4.  Vitreous  luster.  Colorless,  white,  gray.  Transparent 
lucent.  Fuses  with  intumescence  at  2-2.5.  Soluble  and 
es  in  acids.  Much  water  in  C.  T.  Occurs  in  amygdaloidal 
in  basalt,  etc.,  associated  with  other  zeolites. 

MICA  DIVISION. 
MICA  GROUP. 

licas  form  a  series  of  complex  silicates  of  aluminium  with 
m  and  hydrogen,  also  often  magnesium,  ferrous  iron, 
ome  varieties,  sodium,  lithium,  ferric  iron.  More  rarely 
ese,  chromimn,  barimn,  fluorine  and  titanium  are  present 
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Physical  Properties.  Prismatic  cleavage.  H.= 4.5-5.  G.= 
3.4-3.5.  Vitreous  luster.  Color  white,  sometimes  with  faint 
bluish  or  greenish  shade;  also  yellow  to  brown.  Transparent 
to  translucent.    Strongly  pyroelectric. 

Tests.  Fusible  with  difficulty  at  5.  Soluble  in  hydrochloric 
acid  and  yields  gelatinous  silica  on  evaporation.  Fused  on 
charcoal  with  sodium  carbonate  gives  a  nonvolatile  coating  of 
zinc  oxide  (yellow  when  hot,  white  when  cold).  Gives  water  in 
C.  T.  Recognized  usually  by  the  characteristic  grouping  of  its 
crystals,  but  may  be  obscure  and  to  be  determined  only  by  above 
tests. 

Occurrence.  A  mineral  of  secondary  origin,  found  in  the  oxidized 
portion  of  zinc  deposits,  associated  with  smithsonite,  sphalerite, 
cerussite,  anglesite,  galena,  etc.  Usually  with  limestone  rocks. 
Occurs  at  Altenberg  and  Moresnet,  Belgium;  Aix-la-Chapelle,  Ger- 
many; in  Carinthia;  Hungary;  Ciuuberland,  England;  Sterling 
Hill,  near  Ogdensburg,  New  Jersey;  Friedensville,  Pennsylvania; 
Wythe  County,  Virginia;  with  the  zinc  deposits  of  southwestern 
Missouri. 

Name.  Supposed  to  be  derived  from  cadmia,  a  name  given 
by  the  ancients  to  the  silicate  and  carbonate  of  zinc.  The 
mineral  is  called  by  English  mineralogists  hemimorphite  or  dec- 
trie  calamine. 

Use.     An  ore  of  zinc. 

Tourmaline. 

Composition.  A  complex  silicate  of  boron  and  aluminium,  con- 
taining varying  amounts  of  ferrous  iron,  magnesium,  magnanese, 
calcium,  sodium,  potassium,  lithium,  hydroxyl  and  fluorine. 

Crystallization.  Hexagonal-rhombohedral;  hemimorphic. 
Crystals  usually  prismatic,  vertically  striated.  A  triangular 
prism,  with  three  faces,  prominent,  which  with  the  tendency  of 
the  prism  faces  to  be  vertically  striated  and  to  round  into  each 
other  gives  the  crystals  usually  a  cross  section  like  a  spherical 
triangle  (Fig.  329).  Crystals  are  commonly  terminated  by  base 
and  low  positive  and  negative  rhombohedrons;  sometimes 
scalenohedrons  are  present.    When  the  crystals  are  doubly  tov 


TOURMALINE 


minated  th^  usually  show  (Merent  forms  at  the  opposite  ends 
of  the  vertical  axis  (hemimorphism)  (Figs.  330  and  331). 


Pic.  3IS. 


F«.  330. 


Fi(.331. 


BtTuctim.    Usually  in  crystals, 
pact;  also  coarse  to  fine  colunmar,  either  radiating  or  parallel. 

PbjBieal  PropertlM.  Vitreous  to  resinous  luster.  Color 
varied,  depending  upon  the  composition.  Common  tourmaline 
with  much  iron  is  black,  sometimes  brown.  More  rarely  light 
colored  in  fine  shades  of  red,  pink,  green,  blue,  yellow,  etc. 
Rarely  white  or  colorless.  A  single  crystal  may  show  several 
different  colors  either  arranged  in  concentric  bands  about  the 
center  of  the  crystal  or  in  transverse  layers  along  its  length. 
Strongly  pyroelectric;  i.e.,  when  cooling  from  being  heated  to 
about  100°  C.  it  develops  positive  electricity  at  one  end  of  the 
crystal  and  negative  at  the  other,  which  enables  the  crystal  to 
attract  and  hold  bits  of  paper,  etc.  Strongly  dichroic;  i.e.,  light 
traversing  the  crystal  in  one  direction  may  be  of  quite  a  different 
color  or  shade  of  color  from  that  traversing  the  crystal  in  a 
d^ection  at  right  angles  to  the  first.  U.  =  7-7.5;  G.  =  2.98-3.2. 

Tosts.  To  be  recognized  usually  by  the  characteristic  rounded 
triangular  cross  section  of  the  crystals;  absence  of  prismatic 
cleavage,  coal-like  fracture  of  black  variety. 

OoeUTTOIiM.  Tourmaline  ia  one  of  the  moat  common  and  charac- 
teristic minerals  formed  by  pneumatolytic  action.  That  ia,  it  is  a 
mineral  that  has  been  formed  at  high  temperatures  a 
through  the  agency  of  vapors  csnyiog  boron,  fluorine,  etc. 
found,  therefore,  commonly  as  an  accessory  mineral  in  pegmatite 
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veins,  or  dikes,  occurring  with  granite  intrusiona.  AnodaUd  with 
the  ordinary  mineralB  of  granite  pegmatite,  orthodaee,  albitc,  quaiti 
and  muBcovite;  also  with  1epidolit«,  beryl,  ap&tite,  fluorit«,  eU. 
Found  also  as  an  accessory  mineral  in  metamorphic  rocks,  such  ■ 
gneisses,  schists  and  crystalline  limeatonea. 

The  black  tourmahne  is  of  widespread  occurrence  as  an  acwnocy 
mineral  in  metamorphic  rocks.  The  Ught  colored  gem  Tsrietia 
are  found  in  the  pegmatite  dikes.  Famous  localities  for  the  oc^l^ 
rence  of  the  gem  tourmaUnes  are  the  island'of  Elba;  in  the  state  of 
Minas  Oeracs,  Brazil;  Ural  Mountains  near  Ekaterinburg;  M«J»- 
Kuscar;  Paris  and  Auburn,  Maine;  Haddam  Neck,  Connecticut;  Men 
Urande,  Paia,  Rincon  and  Ramona  in  San  Di^o  County,  Califonw 

Name.  The  name  tourmaline  comes  from  twamali,  a  name 
given  to  the  early  gems  from  Ceylon, 

Um.  Tourmaline  forms  one  of  the  most  beautiful  of  the  Bemi- 
precious  gem  stones.  The  color  of  the  stones  varies,  the  prind- 
pal  shades  being  olive-green,  pink  to  red  and  blue.  Sometimes 
a  stone  is  so  cut  a^  to  show  different  colors  In  different  parts.  Tbe 
green-colored  atones  are  usually  known  by  the  mineral  n 
tourmaline,  or  as  Brazilian  emeraida.  The  red  or  pink  stones 
are  known  as  rubdlile,  while  the  rarer  dark  blue  stones  are  c^led 
indicdite. 

Staurolite. 

Composition.  A  ferrous  iron-aluminium  silicate,  HAlJe- 
SijO,,. 

CrTBtallization.  Orthorhombic.  Habit  priamatic,  showing 
usually  a  combination  of  prism  with  large  angle  (130°),  brachy- 


s&^ 


pinacoid,  base  and  macrodome  (Fig.  332),       Cruciform  twins 
very  common;  of  two  types,  (1)  in  which  the  two  individuals 
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^sross  at  nearly  90°  (Fig.  333),  (2)  in  which  they  cross  at  nearly 
^O^  (Fig.  334).  Sometimes  both  types  are  combined  in  one 
<5rystal. 

Structure.     Usually  in  crystals. 

Physical  Properties.  H.  =  7-7.5.  G.  =  3.65-3.75.  Resin- 
ous to  vitreous  luster,  for  pure  and  fresh  material;  often  dull  to 
Earthy  when  altered  or  impure.  Color  red-brown  to  brownish 
black.    Translucent  to  opaque. 

Tests.  Infusible.  Insoluble.  On  intense  ignition  in  C.  T. 
yields  a  little  water.  Often  very  impure.  Recognized  by  its 
characteristic  crystals  and  twins. 

Occurrence.  Staurolite  is  an  accessory  mineral  in  metamorphic 
^ocks;  in  crystalline  schists,  slates,  and  sometimes  in  gneisses. 
Often  associated  with  garnet,  cyanite,  sillimanite,  tourmahne.  No- 
table locaUties  for  its  occurrence  are  Monte  Campini,  Switzerland; 
in  Brittany;  Minas  Geraes,  Brazil;  Windham,  Maine;  Franconia 
and  Lisbon,  New  Hampshire;  Chesterfield,  Massachusetts;  Fannin 
County,  Greorgia. 

Name.  Derived  from  a  Greek  word  meaning  crosSj  in  allusion 
to  its  cruciform  twms. 

Use.  Occasionally  a  transparent  stone  from  Brazil  is  cut  as  a 
gem. 

HYDROUS  SILICATES. 

ZEOLITE   DIVISION. 

INTBODUCTORT  SUBDIVISION. 

Apophyllite. 

Composition.  H7KCa4(Si03)8.4iH20.  Usually  contains  a 
small  amount  of  fluorine. 

Crsnitallization.  Tetragonal.  Usually  shows  a  combination 
of  prism  of  second  order,  pyramid  of  first  and  basal  plane  (Figs. 
335  and  336).  Small  faces  of  a  ditetragonal  prism  sometimes 
observed  (Fig.  337).  Prism  faces  show  vertical  striations  and 
have  a  vitreous  luster,  while  base  shows  pearly  luster.  Crys- 
tals may  resemble  an  isometric  combination  of  cube  and  octa- 
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hedron,  but  are  shown  to  be  tetragonal  by  difference  in  luster 
between  faces  of  prism  and  base. 


Fig.  335. 


Fig.  336. 


Fig.  337. 


Structure.     In  crystals;  also  massive  and  lamellar. 

Physical  Properties.  Perfect  basal  cleavage.  H.  =  4.5-5. 
G.  =  2.3-3.4.  Luster  of  base  pearly,  other  faces  vitreous. 
Color  usually  colorless,  white  or  grayish;  may  show  pale  shades 
of  green,  yellow,  rose.  Usually  transparent,  rarely  neariy 
opaque. 

Tests.  Fuses  easily  with  swelling  to  a  white  vesicular  enamel. 
Colors  the  flame  pale  violet  (potassium).  Yields  16  per  cent 
of  water  in  C.  T.  Decomposed  by  hydrochloric  acid  with 
separation  of  silica  but  without  the  formation  of  a  jelly.  Solu- 
tion gives  little  or  no  precipitate  with  ammonia  but  gives  an 
abundant  white  precipitate  with  ammonium  carbonate  (calcium 
carbonate).  Recognized  usually  by  its  crystals,  color,  luster  and 
basal  cleavage. 

Occurrence.  Occurs  commonly  as  a  secondary  mineral  lining 
cavities  in  basalt  and  related  rocks.  Associated  with  various  zeo- 
lites, with  calcite,  datolite,  pectolite,  etc.  Found  in  fine  crystals  at 
Bergen  Hill,  New  Jersey;  Cliff  Mine,  Lake  Superior  copper  district; 
Table  Mountain,  near  Golden,  Colorado;  mercury  mines,  New  Al- 
maden,  California;  Nova  Scotia;  Guanjuato,  Mexico;  near  Bombay, 
India;  Andreasberg,  Harz  Mountains;  Faroer  Islands;  Iceland; 
Greenland,  etc. 

Name.  Apophyllite,  named  from  two  Greek  words  meaning 
to  get  leaves^  because  of  its  tendency  to  exfoliate  when  ignited. 
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ZEOLITES. 

zeolites  form  a  large  family  of  hydrous  silicates  which 
lose  similarities  in  composition  and  in  their  associations 
)de  of  occurrence.  They  are  silicates  of  aluminium  with 
and  calcium  as  the  important  bases.  They  average 
5  to  5.5  in  hardness  and  from  2  to  2.4  in  specific  gravity. 
)f  them  fuse  readily  with  marked  intumescence,  hence  the 
eolite,  from  two  Greek  words  meaning  to  boil  and  stone. 
re  secondary  minerals  found  characteristically  in  cavities 
ins  in  basic  igneous  rocks. 

Heulandite. 

poeition,  H4CaAl2(Si03)6.3H20.  Monoclinic,  but  crystals 
mulate  orthorhombic  symmetry.  Clinopinacoid  prominent, 
often  a  diamond  shape.  Perfect  cleavage  parallel  to  clino- 
d.  H.  =  3.5-4.  G.  ==  2.15-2.2.  Vitreous  luster,  except  on 
lacoid,  which  is  pearly.  Color  white,  yellow,  red.  Trans- 
to  almost  opaque.  Fusible  (3)  with  intumescence.  Decom- 
y  hydrochloric  acid  with  separation  of  silica.  Water  in  C.  T. 
jral  of  secondary  origin  found  in  cavities  of  basic  igneous 
ssociated  with  other  zeolites,  calcite,  etc.  Found  in  notable 
in  Iceland;  the  Faroer  Islands;  British  India;  Nova  Scotia. 

Phillipsite. 

position,  (K2,Ca)Al2Si40i2.4iH20.  Monoclinic.  Crystals 
formly  penetration  twins  but  often  appearing  to  be  tetragonal 
orhombic  in  form.  Cleavage  parallel  to  base  and  clinopina- 
H.  =  4-4.5.  G.  =  2.2.  Vitreous  luster.  White  or  reddish 
r.  Translucent  to  opaque.  Fuses  at  3  to  a  white  enamel. 
izes  with  hydrochloric  acid.  Water  in  C.  T.  A  secondary 
I  found  in  cavities  of  igneous  rocks  associated  with  other 
,  etc. 

Harmotone. 

rium  zeolite  having  the  composition  (K2,Ba)Al2Si40i2.3H20. 
linic.  Crystals  are  uniformly  cruciform  penetration  twins. 
cleavage  parallel  to  clinopinacoid.  H.  =  4.5.  G.  =  2.4- 
'itreous  luster.  Colorless  or  white.  Translucent.  Fuses  at 
composed  by  hydrochloric  acid  with  separation  of  silica. 
>n  of  sulphuric  acid  to  hydrochloric  acid  solution  gives  a 
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Structure.  In  crystals.  Coarse  to  fine  granular.  Sometimes 
compact. 

Physical  Properties.  H.  =  5-5.5.  G.  =  2.8-3.  Vitreous  lus- 
ter. Colorless,  white,  yellow.  Often  with  faint  greenish  tinge. 
Transparent  to  translucent,  rarely  opaque. 

Tests.  Fuses  at  2-2.5  to  a  clear  glass  and  colors  the  flame 
green  (boron).  Soluble  in  hydrochloric  acid  and  yields  gelati- 
nous silica  on  evaporation.  Gives  a  little  water  in  C.  T.  Char- 
acterized by  its  glassy  luster,  pale  green  color,  and  its  crystals 
with  many  and  usually  irregularly  developed  faces. 

Occurrence.  A  mineral  of  secondary  origin,  found  usually  in 
cavities  in  basalt  lavas  and  similar  rocks.  Associated  with  various 
zeolites,  with  calcite,  prehnite,  etc.  Occurs  associated  with  the 
trap  rocks  of  Massachusetts,  Connecticut  and  New  Jersey,  particu- 
larly at  Westfield,  Massachusetts,  and  Bergen  Hill,  New  Jeraey. 
Found  associated  with  the  copper  deposits  of  Lake  Superior. 

Name.  Derived  from  a  Greek  work  meaning  to  divide^  allud- 
ing to  the  granular  structure  of  a  massive  variety. 

A  rare  mineral  belonging  to  the  Datolite  Group  is  gadaUnik, 
BcFeYiSiiOio. 

EPIDOTE  GROUP. 

Zoisite. 

Composition.  HCa2AlsSisOij  =  Silica  39.7,  aliunina  33.7,  Ihne 
24.6,  water  2.0. 

Crystallization.  Orthorhombic.  Prismatic  crystals  usually 
without  distinct  terminations.    Vertically  striated. 

Structure.     In  crystals;  also  massive. 

Physical  Properties.  H.  =  6-6.5.  G.  =  3.25-3.37.  Vitre- 
ous luster.  Color  grayish  white,  green,  pink.  Transparent  to 
almost  opaque. 

Tests.  Fuses  at  3-4  with  intumescence  to  a  light  colored  slag. 
Yields  a  little  water  on  intense  ignition  in  C.  T. 

Occurrence.  Usually  in  crystalline  schists  with  one  of  the  am- 
phiboles.     ThuLite  is  a  rose-pink  variety. 
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Epidote. 

CompoBition.  Ca2(A1.0H)(Al,Fe)2(Si04)8.  Iron  occurs  in 
Varying  amounts  isomorphous  with  both  the  aluminium  and  cal- 
cium. 

Crystallization.  Monoclinic.  Crystals  are  often  much  elon- 
gated parallel  to  the  ortho-axis  with  a  prominent  development 
of  the  faces  of  the  orthodome  zone, 
giving   them    a    prismatic    aspect. 


Striated  parallel  to  the  ortho-axis.      \  « 

Terminated  usually  only  at  one  end 
of  the   ortho-axis  and   most  com- 
monly by  the  two  faces  of  a  pyra-  ^***  ^^*' 
mid  (Fig.  326).     Twinning  shown  at  times. 

Structure.  Usually  coarse  to  fine  granular.  In  crystals.  At 
times  fibrous. 

Physical  Properties.  Perfect  basal  cleavage.  H.=6-7.  G.= 
3.37-3.45.  Vitreous  luster.  Color  usually  pistachio-green  or 
yellowish  to  blackish  green,  sometimes  gray.  Transparent  to 
opaque.  Transparent  varieties  often  show  strong  dichroism, 
appearing  dark  green  in  one  direction,  and  brown  in  a  direction 
at  right  angles  to  the  first. 

Tests.  Fuses  at  3-4  with  intumescence  to  a  black  slag.  On 
intense  ignition  in  C.  T.  yields  a  little  water. 

Occurrence.  Epidote  occurs  commonly  in  the  crystalline  meta- 
morphic  rocks;  as  gneiss,  amphibolite  and  various  schists.  Is 
formed  frequently  also  during  the  metamorphism  of  an  impure 
limestone.  Is  the  product  of  alteration  of  such  minerals  as  feldspar, 
pyroxene,  amphibole,  biotite,  scapolite,  etc.  Often  associated  with 
chlorite.  Notable  localities  for  its  occurrence  in  fine  crystals  are 
Knappenwand,  Unterzulzbachthal,  Tjrrol;  Bourg  d'Oisans,  Dau- 
phin^, the  Ala  Valley  and  Traversella,  Piedmont;  Prince  William 
Island,  Alaska;  Haddam,  Connecticut;  Riverside,  California. 

Allanite. 

A  mineral  similar  to  epidote  in  composition,  but  containing  con- 
siderable amounts  of  the  cerium  metals,  cerium,  lanthanum  and 
didymium,  and  sometimes  with  smaller  amounts  of  yttrium  and 
erbium.    Composition  complex  and  widely  varying.    Monoclinic, 
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habit  of  crystals  often  similar  to  epidote.    Commonly  masave  and 
in  embedded  grains.     H.  =  5.5-6.     G.  =  3.5-4.2.    Submetallic  to 
pitchy  and  resinous  luster.     Brown  to  pitch-black  color.   FuaeBat 
2.5  with  intumescence.    Sometimes  magnetic  after  heating.  Gelati- 
nizes in  acids.    Occurs  as  a  minor  accessory  constituent  in  many 
igneous  rocks.     Frequently  associated  with  epidote. 


age. 


Fig.  327. 

H.  =  6.5-7. 


Azinite. 

Composition.    Ca7Al4B2(Si04)8;  with  varying  amounts  of  fer- 
rous iron,  maaganese,  magnesium  and  hydrogen  isomorphous 

with  the  calcium,  and  ferric  iron  with  the 
aluminium. 

Crystallization.  Triclinic.  Crystals 
usually  thin  with  sharp  edges  but  varied 
in  habit  (Fig.  327). 

Structure.  In  crystals.  Massive,  la- 
mellar to  granular. 

Physical  Properties.    Pinacoidal  cleav- 
G.  =  3.27-3.35.     Vitreous  luster.     Color 
clove-brown,  gray,  green,  yellow.    Transparent  to  opaque. 

Tests.  Fusible  at  2.5-3  with  intumescence.  When  mixed 
with  potassium  bisulphate  and  fluorite  and  the  mixture  heated 
on  platinum  wire  gives  a  green  flame  (boron). 

Occurrence.  Notable  localities  for  its  occurrence  are  Bourg 
d'Oisans  in  Dauphin^;  St.  Just,  Cornwall;  Obira,  Japan;  Franklin 
Furnace,  New  Jersey,  etc. 

Name.  Derived  from  a  Greek  word  meaning  ax,  in  allusion 
to  the  wedgelike  shape  of  the  crystals. 

Prehnite. 

Composition.  H2Ca2Al2Si30i2  =  Silica  43.7,  alimiina  24.8, 
lime  27.1,  water  4.4. 

Crystallization.     Orthorhombic.    Distinct  crystals  rare. 

Structure.  Reniform,  stalactitic.  In  rounded  groups  of  tab- 
ular crystals. 

Physical  Properties.  H.  =  6-6.5.  G.  =  2.8-2.95.  Vitreous 
luster.  Color  usually  light  green,  passing  into  white.  Trans- 
lucent. 
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Fuses  at  2.5  .with  intumescence  to  an  enamel.  Heated 
delds  water.  Slowly  acted  upon  by  hydrochloric  acid 
nizes  after  simple  fusion. 

9nce.  As  a  mineral  of  secondary  origin  lining  amygdaloidal 
basalt,  etc.  Associated  with  zeolites,  datolite,  pectolite, 
Occurs  in  the  United  States  at  Farmington,  Connecti- 
rson  and  Bergen  Hill,  New  Jersey;  Somerville,  Massa- 
Lake  Superior  copper  district.  Found  also  in  various 
localities. 

4.   SUBSIUCATES. 

HXJMITE  GROUP. 

ree  minerals,  humite,  Mg8[Mg(F,OH)]2[SiO«]2,  chondro- 
Mg(F,OH)],[Si04]8,  and  clinohumite,  MgylMgCF.OH)],- 
e  closely  related  chemically  and  crystallographically. 
characteristically  found  in  crystalline  limestones, 
ite  is  the  most  common  in  occurrence. 


or  lievrite,  HCaFe2"Fe'"Si209,  is  a  rare  mineral  be- 
this  section. 

Calamine. 

lition.    Silicate  of  zinc,  H2(Zn20)Si04  =  Silica  25,  zinc 
',  water  7.5. 

lization.  Orthorhombic;hemimorphic.  Crystals  usu- 
ar  parallel  to  the  brachypinacoid.  They  show  prism 
are  terminated  above  usually  by  a 
on  of  macrodomes  and  brachy- 
id  base,  and  below  by   a  pyramid 


a 


m 


ure.     Usually  in  crystal  groups  with 

iduals  attached  at  their  lower  (pyra- 

Is  and  lying  with  their  brachypinacoid 

common.     Crystals  often  divergent, 

mded  groups  with  slight  reentrant 

etween  the  individual  crystals,  form- 

le  or  coxcomb  masses.     Also  mammillary,  stalactitic, 

nd  granular. 


Fig.  328. 
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Physical  Properties.    Prismatic  cleavage-    H.= 4.5-0.    G.- 

3.4-3.5.  Vitreous  luster.  Color  white,  sometimes  with  faint 
bluish  or  greenish  shade;  also  yellow  to  brown.  Tran^MUcot 
to  translucent.    Strongly  pyroelectric. 

Tests.  Fusible  with  difficulty  at  5.  Soluble  in  hydrochloric 
acid  and  yields  gelatinous  silica  on  evaporation.  Fused  on 
charcoal  with  sodium  carbonate  gives  a  nonvolatile  coating  of 
zinc  oxide  (yellow  when  hot,  white  when  cold).  Gives  water  in 
C.  T.  Recognized  usually  by  the  characteristic  grouping  of  its 
crystals,  but  may  be  obscure  and  to  be  determined  only  by  above 
tests. 

Occurrence.  A  mineral  of  secondary  origin,  found  in  the  oxidized 
portion  of  zinc  deposits,  associated  with  smithsonite,  sphalerite, 
ceriiHHite,  anglesite,  galena,  etc.  Usually  with  limestone  rocks. 
Occurs  at  Altenberg  and  Moresnet,  Belgium;  Aix-la-ChapeUe,  Ger- 
many; in  Carinthia;  Hungary;  Ciunberland,  En^and;  Sterling 
Hill,  near  Ogdensburg,  New  Jersey;  Fnedensville,  Pennfiylvania; 
Wythe  County,  Virginia;  with  the  zinc  deposits  of  southwestern 
Missouri. 

Name.  Supposed  to  be  derived  from  cadmia,  a  name  given 
by  the  ancients  to  the  silicate  and  carbonate  of  zinc.  The 
niinerul  is  called  by  English  mineralogists  hemimorphite  or  dec- 
trie  calamine. 

Use.     An  ore  of  zinc. 

Tourmaline. 

Composition.  A  complex  silicate  of  boron  and  aluminium,  con- 
taining  varying  amounts  of  ferrous  iron,  magnesium,  magnanese, 
calcium,  sodium,  potassium,  lithium,  hydroxyl  and  fluorine. 

Crystallization.  Hcxagonal-rhombohedral ;  hemimorphic. 
Crystals  usually  prismatic,  vertically  striated.  A  triangular 
prism,  with  three  faces,  prominent,  which  with  the  tendency  of 
the  prism  faces  to  be  vertically  striated  and  to  round  into  each 
other  gives  the  crystals  usually  a  cross  section  like  a  spherical 
triangle  (Fig.  329).  Crystals  are  commonly  terminated  by  base 
and  low  positive  and  negative  rhombohedrons;  sometimes 
scalenohedrons  are  present.    When  the  crystals  are  doubly  te^ 
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ffiinated  tliey  usually  ehow  different  forms  at  the  opposite  ends 
of  the  vertical  axie  (hemimorphism)  (Figs.  330  and  331). 


Fls.321. 


StructUT*.     Usually  in  crystals. 
pact;  also  coarse  to  fine  columnar,  either  radiatii^  or  parallel. 

mytlcal  Prop«rtlea.  Vitreous  to  resinous  luster.  Color 
varied,  depending  upon  the  composition.  Common  tourmaline 
with  much  iron  is  black,  sometimes  brown.  More  rarely  light 
colored  in  fine  shades  of  red,  pink,  green,  blue,  yellow,  etc. 
Rarely  white  or  colorless.  A  single  crystal  may  show  several 
different  colors  either  arranged  in  concentric  bands  about  the 
center  of  the  crystal  or  in  transverse  layers  along  its  length. 
Strongly  pyroelectric;  i.e.,  when  cooling  from  being  heated  to 
about  100"  C.  it  develops  positive  electricity  at  one  end  of  the 
crystal  and  negative  at  the  other,  which  enablea  the  crystal  to 
attract  and  hold  bits  of  paper,  etc.  Strongly  dichrolc;  i.e.,  Ught 
travendng  the  crystal  in  one  direction  may  be  of  quite  a  different 
color  or  shade  of  color  from  that  traversing  the  crystal  in  a 
direction  at  right  ai^es  to  the  first.  H.  =  7-7.5;  G.  =  2.98-3.2. 

Totta.  To  be  recc^ized  usually  by  the  characteristic  rounded 
triangular  cross  section  of  the  crystals;  absence  of  prismatic 
cleavage,  coal-like  fracture  of  black  variety. 

OceiurenOA.  TourmaJine  is  one  of  the  most  common  and  charac- 
toistic  minra'als  formed  by  pneumatolytic  action.  That  is,  it  is  a 
mineral  that  has  been  formed  at  high  temperatures  and  pressurea 
throu^  the  ^ency  of  vapors  carrying  boron,  fluorine,  etc.  It  is 
found,  therefore,  commonly  as  an  acceseory  mberal  in  pegmatite 
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veins,  or  dikes,  occurring  with  granite  intnisioiia.  AaaodtlediriBi 
the  ordiiiBry  minerals  of  granite  pegmatite,  orthoclase,  albile,  qvul' 
and  mUBcovite;  also  with  lepidolite,  beryl,  apatite,  fluorite,  *. 
Found  also  as  an  accessory  mineral  in  met^norphic  rocka,  well " 
gneisses,  schists  and  crystalline  limestones. 

The  black  tourmaline  is  of  widespread  occurrence  as  an  emmwI 
mineral  in  metamorphic  rocks.  The  light  colored  gem  vuietO 
arc  found  in  the  pegmatite  dikes.  Famous  localities  for  theocto- 
rence  of  the  gem  tounnalinea  are  the  island  of  Elba;  in  theatatetl 
Minas  Geracs,  Brazil;  Ural  Mountains  near  Ekaterinbun;;  MsJ* 
gascar;  Paris  and  Auburn,  Maine;  HaddamNeck,  ConnectJcut;Utt 
Cirandc,  Pala,  Rincon  and  Ramooa  in  San  Diego  County,  CalUonu*. 

Name.  The  name  Umrmaline  comes  from  luratmli,  a  name 
given  to  the  early  gems  from  Ceylon, 

Hoe.  Tourmaline  forms  one  of  the  moat  beautiful  of  the  soni- 
precious  gem  stones.  The  color  of  the  stones  varies,  the  priw- 
pal  shades  being  olive-green,  pink  to  red  and  blue.  SometinKi 
a  stone  is  so  cut  as  to  show  different  colors  in  diSerent  parte.  1^ 
grcen-colored  atones  are  usually  known  by  the  mineral  Mine, 
tourmaline,  or  as  Brazilian  emeralds.  The  red  or  pink  stiws 
are  known  as  nibellite,  while  the  rarer  dark  blue  stones  aracalled 
indkdiie. 

Staurolite.  I 

Composition.     A  ferrous  iron-aluminium  silicate,  HAlJf    ' 
SiA.. 

Crystallization.  Ortho rhombic.  Habit  prismatic,  sbovint 
usually  a  combination  of  prism  with  large  angle  (130°),  brachjf 


Fig.  332.  Fig.  333.  Fig.  334. 

pinacoid,  base  and  niacrodome  (Fig.  332).      Cruciform  twina 
verj  common;  of  two  types,  (1)  in  which  the  two  individuals 
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nearly  90°  (Fig.  333),  (2)  in  which  they  cross  at  nearly 
J.  334).      Sometimes  both  types  are  combined  in  one 

ture.     Usually  in  crystals. 

cal  Properties.  H.  =  7-7.5.  G.  =  3.65-3.75.  Resin- 
itreous  luster,  for  pure  and  fresh  material;  often  dull  to 
irhen  altered  or  impure.  Color  red-brown  to  brownish 
Translucent  to  opaque. 

Infusible.    Insoluble.    On  intense  ignition  in  C.  T. 
little  water.     Often  very  impure.     Recognized  by  its 
ristic  crystals  and  twins. 

rence.  Staurolite  is  an  accessory  mineral  in  metamorphic 
Q  crystalline  schists,  slates,  and  sometimes  in  gneisses, 
ociated  with  garnet,  cyanite,  sillimanite,  tourmaline.  No- 
Eilities  for  its  occurrence  are  Monte  Campini,  Switzerland; 
ny;  Minas  Geraes,  Brazil;  Windham,  Maine;  Franconia 
3n,  New  Hampshire;  Chesterfield,  Massachusetts;  Fannin 
Georgia. 

.     Derived  from  a  Greek  word  meaning  cross^  in  allusion 

iciform  twins. 

Occasionally  a  transparent  stone  from  Brazil  is  cut  as  a 


HYDROUS  SILICATES. 

ZEOLITE  DIVISION. 

INTRODUCTORY  SUBDIVISION. 

Apophyllite. 

osition.     H7KCa4(Si03)8.4^H20.     Usually  contains  a 
lount  of  fluorine. 

kllization.  Tetragonal.  Usually  shows  a  combination 
of  second  order,  pyramid  of  first  and  basal  plane  (Figs. 
336).  Small  faces  of  a  ditetragonal  prism  sometimes 
(Fig.  337).  Prism  faces  show  vertical  striations  and 
dtreous  luster,  while  base  shows  pearly  luster.  Crys- 
'  resemble  an  isometric  combination  of  cube  and  octa- 
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hedron,  but  are  shown  to  be  tetragonal  by  difference  in  lusta  I 
between  faces  of  prism  and  base. 


Fig.  337. 


Structure.     In  crystals;  also  massive  and  lamellar. 

Physical  Properties.  Perfect  basal  cleavage.  H.  =  4.ffA 
G.  =  2.3-3.4.  Luster  of  base  pearly,  other  faces  vitreaa 
Color  usually  colorless,  white  or  grayish;  may  show  pale  Bh»d8 
of  green,  yellow,  rose.  Usually  transparent,  rarely  neatf 
opaque. 

TestB.  Fuses  easily  with  swelling  to  a  white  vesicular  emiind- 
Colors  the  flame  pale  violet  (potassium).  Yields  Ifi  per  ctal 
of  water  in  C.  T.  Decomposed  by  hydrochloric  acid  witk 
separation  of  silica  but  without  the  formation  of  a  jelly.  Solu- 
tion gives  little  or  no  precipitate  with  ammonia  but  pves  U 
abundant  white  precipitate  with  ammonium  carbonate  (calcium 
carbonate).  Recognized  usually  by  its  crystals,  color,  luster  W 
basal  cleavage. 

Occuiretlce.  Occurs  commonly  as  a  secondary  mineral  wai 
cavities  in  basalt  and  related  rocks.  Associated  with  various  ■W' 
lites,  with  calcite,  datolite,  pectoUte,  etc.  Found  in  fine  crystalfl*' 
Bergen  Hill,  New  Jersey;  Cliff  Mine,  Lake  Superior  copper  distridl 
Table  Mountain,  near  Golden,  Colorado;  mercury  mines,  Ne"*!" 
maden,  California;  NovaScotia;  Guanjuato,  MeTUCo;  nearBombayi 
India;  Andreasbei^,  Harz  Mountains;  Faroer  Islands;  IceW! 
Greenland,  etc. 

Name.  Apopkyllite,  named  from  two  Greek  words  mesni"! 
to  get  leaves,  because  of  its  tendency  to  exfoliate  when  ignited. 
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ZEOLITES. 

le  zeolites  form  a  large  family  of  hydrous  silicates  which 
'  close  similarities  in  composition  and  in  their  associations 
mode  of  occurrence.  They  are  silicates  of  aluminium  with 
im  and  calcium  as  the  important  bases.  They  average 
3.5  to  5.5  in  hardness  and  from  2  to  2.4  in  specific  gravity, 
y  of  them  fuse  readily  with  marked  intumescence,  hence  the 
e  zeolite,  from  two  Greek  words  meaning  to  boil  and  stone. 
f  are  secondary  minerals  found  characteristically  in  cavities 
veins  in  basic  igneous  rocks. 

Heulandite. 

imposition,  H4CaAl2(SiOs)6.3H20.  Monoclinic,  but  crystals 
a  simulate  orthorhombic  sjnnmetry.  Clinopinacoid  prominent, 
ing  often  a  diamond  shape.  Perfect  cleavage  parallel  to  clino- 
icoid.  H.  =  3.5-4.  G.  =  2.15-2.2.  Vitreous  luster,  except  on 
opinacoid,  which  is  pearly.  Color  white,  yellow,  red.  Trans- 
5nt  to  almost  opaque.  Fusible  (3)  with  intumescence.  Decom- 
3d  by  hydrochloric  acid  with  separation  of  silica.  Water  in  C.  T. 
oineral  of  secondary  origin  found  in  cavities  of  basic  igneous 
ffl  associated  with  other  zeolites,  calcite,  etc.  Found  in  notable 
lity  in  Iceland;  the  Faroer  Islands;  British  India;  Nova  Scotia. 

Phillipsite. 

Composition,  (K2,Ca)Al2Si40i2.4iH20.  Monoclinic.  Crystals 
uniformly  penetration  twins  but  often  appearing  to  be  tetragonal 
)rthorhombic  in  form.  Cleavage  parallel  to  base  and  clinopina- 
l.  H.  =  4-4.5.  G.  =  2.2.  Vitreous  luster.  White  or  reddish 
Jolor.  Translucent  to  opaque.  Fuses  at  3  to  a  white  enani£l. 
atinizes  with  hydrochloric  acid.  Water  in  C.  T.  A  secondary 
eral  found  in  cavities  of  igneous  rocks  associated  with  other 
ites,  etc. 

Harmotone. 

barium  zeolite  having  the  composition  (K2,Ba)Al2Si40i2.3H20. 
loclinic.  Crystals  are  uniformly  cruciform  penetration  twins. 
Got  cleavage  parallel  to  clinopinacoid.  H.  =  4.5.  G.  =  2.4- 
Vitreous  luster.  Colorless  or  white.  Translucent.  Fuses  at 
pecomposed  by  hydrochloric  acid  with  separation  of  silica. 
ition  of  sulphuric  acid  to  hydrochloric  acid  solution  gives  a 
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Structure.  In  crystals.  Coarse  to  fine  granular.  Sometimes 
compact. 

Physical  Properties.  H.  =  5-5.5.  G.  =  2.8-3.  Vitreous  lus- 
ter. Colorless,  white,  yellow.  Often  with  faint  greenish  tinge. 
Transparent  to  translucent,  rarely  opaque. 

Tests.    Fuses  at  2-2.5  to  a  clear  glass  and  colors  the  flame 
green  (boron).    Soluble  in  hydrochloric  acid  and  yields  gelati- 
nous silica  on  evaporation.    Gives  a  little  water  in  C.  T.   Char- 
acterized by  its  glassy  luster,  pale  green  color,  and  its  crystals  |, 
with  many  and  usually  irregularly  developed  faces. 

Occurrence.  A  mineral  of  secondary  origin,  found  usually  in 
cavities  in  basalt  lavas  and  similar  rocks.  Associated  with  vaiiouB 
zeolites,  with  calcite,  prehnite,  etc.  Occurs  associated  with  the 
trap  rocks  of  Massachusetts,  Connecticut  and  New  Jersey,  partioi- 
larly  at  Westfield,  Massachusetts,  and  Bergen  Hill,  New  Jeney. 
Found  associated  with  the  copper  deposits  of  Lake  Superior. 

Name.  Derived  from  a  Greek  work  meaning  to  divide,  allud- 
ing to  the  granular  structure  of  a  massive  variety. 

A  rare  mineral  belonging  to  the  Datolite  Group  is  gadolMi 
BeaFeYiSiiOio. 


EPIDOTE  GROUP. 

Zoisite. 

Composition.    HCa2Al8Si80i2  =  Silica  39.7,  alumina  33.7,  lime 
24.6,  water  2.0. 

Crystallization.  Orthorhombic.  Prismatic  crystals  usually 
without  distinct  terminations.    Vertically  striated. 

Structure.     In  crystals;  also  massive. 

Physical  Properties.  H.  =  6-6.5.  G.  =  3.25-3.37.  Vitre- 
ous luster.  Color  grayish  white,  green,  pink.  Transparent  to 
almost  opaque. 

Tests.  Fuses  at  3-4  with  intumescence  to  a  light  colored  dag. 
Yields  a  little  water  on  intense  ignition  in  C.  T. 

Occurrence.     Usually  in  crystalline  schists  with  one  of  the  am- 

phiboles.     Thvlite  is  a  rose-pink  variety. 
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Epidote. 

Composition.  Cai(A1.0H)(Al,Fe)2(Si04)3.  Iron  occurs  in 
"aiying  amounts  isomorphous  with  both  the  aluminium  and  cal- 
aum. 

Crystallization.  Monoclinic.  Crystals  are  often  much  elon- 
?ited  parallel  to  the  ortho-axis  with  a  prominent  development 
'f  the  faces  of  the  orthodome  zone, 
iVing   them    a    prismatic    aspect. 


fcrlated  parallel  to  the  ortho-axis.      \  « 

erminated  usually  only  at  one  end 
the   ortho-axis  and   most  com- 
only  by  the  two  faces  of  a  pyrsr  ^^^'  ^^*' 

id  (Fig.  326).     Twinning  shown  at  times. 
Structure.    Usually  coarse  to  fine  granular.    In  crystals.    At 
3aes  fibrous. 

Physical  Properties.  Perfect  basal  cleavage.  H.  =  6-7.  G.= 
37-3.45.  Vitreous  luster.  Color  usually  pistachio-green  or 
iUowish  to  blackish  green,  sometimes  gray.  Transparent  to 
>aque.  Transparent  varieties  often  show  strong  dichroism, 
>pearing  dark  green  in  one  direction,  and  brown  in  a  direction 
'  right  angles  to  the  first. 

Tests.  Fuses  at  3-4  with  intumescence  to  a  black  slag.  On 
tense  ignition  in  C.  T.  yields  a  little  water. 

Occurrence.  Epidote  occurs  commonly  in  the  crystalline  meta- 
orphic  rocks;  as  gneiss,  amphibolite  and  various  schists.  Is 
rmed  frequently  also  during  the  metamorphism  of  an  impure 
aestone.  Is  the  product  of  alteration  of  such  minerals  as  feldspar, 
Toxene,  amphibole,  biotite,  scapolite,  etc.  Often  associated  with 
lorite.  Notable  localities  for  its  occurrence  in  fine  crystals  are 
aappenwand,  Unterzulzbachthal,  Tyrol;  Bourg  d^Oisans,  Dau- 
lin^,  the  Ala  Valley  and  Traversella,  Piedmont;  Prince  William 
land,  Alaska;  Haddam,  Connecticut;  Riverside,  California. 

Allanite. 

A  mineral  similar  to  epidote  in  composition,  but  containing  con- 
lerable  amounts  of  the  cerium  metals,  cerium,  lanthanum  and 
l3rniium,  and  sometimes  with  smaller  amounts  of  yttrium  and 
^ium.     Composition  complex  and  widely  varying.     Monoclinic, 
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habit  of  crystals  often  similar  to  epidote.  Commonly  massive 
in  embedded  grains.  H.  =  5.5-6.  G.  =  3.5-4.2.  Submetallic  to 
pitchy  and  resinous  luster.  Brown  to  pitch-black  color.  Fuses  at 
2.5  with  intumescence.  Sometimes  mag;netic  after  heating.  Gelati- 
nizes in  acids.  Occurs  as  a  minor  accessory  constituent  in  many 
igneous  rocks.     Frequently  associated  with  epidote. 


\^ 


age. 


Fig.  327. 

H.  =  6.5-7. 


Axiiiite. 

Coxnposition.    Ca7AliBt(Si04)8;  with  varying  amounts  of  fer- 
rous iron,  manganese,  magnesium  and  hydrc^n  isomorphous 

with  the  calcium,  and  ferric  iron  with  the 
aluminium. 

Crystallization.  Triclinic.  Crystals 
usually  thin  with  sharp  edges  but  varied 
in  habit  (Fig.  327). 

Structure.  In  crystals.  Massive,  la- 
mellar to  granular. 

Physical  Properties.    Pinacoidal  cleav- 
G.=  3.27-3.35.      Vitreous  luster.     Color 
clove-brown,  gray,  green,  yellow.    Transparent  to  opaque. 

Tests.  Fusible  at  2.5-3  with  intumescence.  When  mixed 
with  potassium  bisulphate  and  fluorite  and  the  mixture  heated 
on  platinum  wire  gives  a  green  flame  (boron). 

Occurrence.  Notable  localities  for  its  occurrence  are  Bourg 
d'Oisans  in  Dauphin6;  St.  Just,  Cornwall;  Obira,  Japan;  Franklin 
Furnace,  New  Jersey,  etc. 

Name.  Derived  from  a  Greek  word  meaning  ax^  in  allusion 
to  the  wedgelike  shape  of  the  crystals. 

Prehnite. 

Composition.  H2Ca2Al2Si30i2  =  Silica  43.7,  alumina  24.8, 
lime  27.1,  water  4.4. 

Crystallization.     Orthorhombic.    Distinct  crystals  rare. 

Structure.  Reniform,  stalactitic.  In  rounded  groups  of  tab- 
ular crystals. 

Physical  Properties.  H.=  6-6.5.  G.  =  2.8-2.95.  Vitreous 
luster.  Color  usually  light  green,  passing  into  white.  Trans- 
lucent. 
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Fuses  at  2.5 .with  intumescence  to  an  enamel.  Heated 
yields  water.  Slowly  acted  upon  by  hydrochloric  acid 
iinizes  after  simple  fusion. 

rence.  As  a  mineral  of  secondary  origin  lining  amygdaloidal 
1  basalt,  etc.  Associated  with  zeolites,  datolite,  pectolite, 
c.  Occurs  in  the  United  States  at  Farmington,  Connecti- 
jrson  and  Bergen  Hill,  New  Jersey;  Somerville,  Massa- 
Lake  Superior  copper  district.  Found  also  in  various 
.  localities. 

4.  SUBSHJCATES. 

HI7MITE  GROUP. 

u'ee  minerab,  humite^  Mg8[Mg(F,OH)]2[Si04]2,  chondro- 
,[Mg(F,OH)]2[Si04]s,  and  dinohumite,  Mg7[Mg(F.OH)]2- 
re  closely  related  chemically  and  crystallographically. 
e  characteristically  found  in  crystalline  limestones, 
dite  is  the  most  common  in  occurrence. 


,  or  lievrite,  HCaFe2"Fe'"Si209,  is  a  rare  mineral  be- 
n  this  section. 

Calamine. 

>8ition.     Silicate  of  zinc,  H2(Zn20)Si04  =  Silica  25,  zinc 

5,  water  7.5. 

Uization.    Orthorhombic;hemimorphic.    Crystals  usu- 

ilar  parallelto  the  brachypinacoid.    They  show  prism 

i  are  terminated  above  usually  by  a 

bion    of     macrodomes    and    brachy- 

md  base,  and  below  by  a   pjrramid 

0. 

;ure.  Usually  in  crystal  groups  with 
v^iduals  attached  at  their  lower  (pyra- 
ids  and  lying  with  their  brachypinacoid 
common.  Crystals  often  divergent, 
)unded  groups  with  slight  reentrant 
between  the  individual  crystals,  form- 
kle  or  coxcomb  masses.  Also  mammillary,  stalactitic, 
and  granular. 


Fig.  328. 
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Physical  Properties.  Prismatic  cleavage.  H.  =4.5-5.  G.= 
3.4-3.5.  Vitreous  luster.  Color  white,  sometimes  with  faint 
bluish  or  greenish  shade;  also  yellow  to  brown.  Transparent 
to  translucent.    Strongly  pyroelectric. 

Tests.  Fusible  with  difficulty  at  5.  Soluble  in  hydrochloric 
acid  and  yields  gelatinous  silica  on  evaporation.  Fused  on 
charcoal  with  sodium  carbonate  gives  a  nonvolatile  coating  of 
zinc  oxide  (yellow  when  hot,  white  when  cold).  Gives  water  in 
C.  T.  Recognized  usually  by  the  characteristic  grouping  of  its 
crystals,  but  may  be  obscure  and  to  be  determined  only  by  above 
tests. 

Occurrence.  A  mineral  of  secondary  origin,  found  in  the  oxidized 
portion  of  zinc  deposits,  associated  with  smithsonite,  sphalerite, 
cerussite,  anglesite,  galena,  etc.  Usually  with  limestone  rocks. 
Occurs  at  Altenberg  and  Moresnet,  Belgium;  Aix-la-Chapelle,  Ger- 
many; in  Carinthia;  Hungary;  Ciunberland,  England;  Sterling 
Hill,  near  Ogdensburg,  New  Jersey;  Friedensville,  Pennsylvania; 
Wythe  County,  Virginia;  with  the  zinc  deposits  of  southwestern 
Missouri. 

Name.  Supposed  to  be  derived  from  cadmia,  a  name  given 
by  the  ancients  to  the  silicate  and  carbonate  of  zinc.  The 
mineral  is  called  by  English  mineralogists  hemimorphite  or  deo 
trie  calamine. 

Use.     An  ore  of  zinc. 

Tourmaline. 

Composition.  A  complex  silicate  of  boron  and  aluminium,  con- 
taining varying  amounts  of  ferrous  iron,  magnesium,  magnanese, 
calcium,  sodium,  potassium,  lithium,  hydroxyl  and  fluorine. 

Crystallization.  Hexagonal-rhombohedral;  hemimorphic. 
Crystals  usually  prismatic,  vertically  striated.  A  triangular 
prism,  with  three  faces,  prominent,  which  with  the  tendency  of 
the  prism  faces  to  be  vertically  striated  and  to  round  into  each 
other  gives  the  crystals  usually  a  cross  section  like  a  spherical 
triangle  (Fig.  329).  Crystals  are  conmaonly  terminated  by  base 
and  low  positive  and  negative  rhombohedrons;  sometimes 
scalenohedrons  are  present.    When  the  crystals  are  doubly  te^ 
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unated  they  usually  show  different  fonna  at  the  opposite  ends 
i  tlie  vertical  axis  (hemimorphism)  (Figs.  330  and  331). 


ria.32S. 


Fie  330. 


UsuaUy  in  crystals.  Sometimes  massive  com- 
pact; also  coarse  to  fine  columnar,  eitlier  radiating  or  parallel. 

Phyilcal  Proportiu.  Vitreous  to  resinous  luster.  Color 
varied,  depending  upon  the  compoaition.  Common  tounnaline 
with  much  iron  is  black,  sometimes  brown.  More  rarely  light 
colored  in  fine  shades  of  red,  pink,  green,  blue,  yellow,  etc. 
Rardy  white  or  colorless.  A  single  crystal  may  show  several 
differ^it  colors  either  arranged  in  concentric  bands  about  the 
center  of  the  crystal  or  in  transverse  layers  along  its  length. 
Strongly  pyroelectric;  i.e.,  when  cooling  from  being  heated  to 
about  lOC^  C.  it  develops  positive  electricity  at  one  end  of  the 
crystal  and  negative  at  the  other,  which  enables  the  crystal  to 
attract  and  bold  bits  of  paper,  etc.  Strongly  dichroic;  i.e.,  light 
traversing  the  crystal  in  one  direction  may  be  of  quite  a  different 
color  or  shade  of  color  from  that  traversing  the  crystal  in  a 
direction  at  right  angles  to  the  first.  H.  =  7-7.5;  G.  =  2.98-3.2. 

Tarti.  To  be  recognized  usually  by  the  characteristic  rounded 
triangular  cross  section  of  the  crystals;  absence  of  prismatic 
cleavage,  coal-like  fracture  of  black  variety. 

Ooourrance.  Tourmaline  is  one  of  the  most  commoD  and  charaC' 
tCTistic  minerBlB  formed  by  pneumatolytic  action.  That  is,  it  ia  a 
mineral  that  has  been  formed  at  high  temperatures  and  pressures 
through  the  agency  of  vapors  carrying  boron,  fluorine,  etc.  It  is 
found,  therefore,  commonly  as  an  accessory  mineral  in  pegmatite 
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veina,  or  dikes,  occurring  with  gnnite  intrusioiiH.    Asoctttiddlk  I 
the  ordinary  miaertds  of  gr&nite  pegmatite,  orthoclase,  albite,  qunli  1 
and  muscovite;    tdso  with  lepidolite,  beryl,  apatite,  fluonte,de-  | 
Found  also  as  an  accessory  mineral  in  metajnorphic  rticks,  Budi  H 
gneisses,  schists  and  cryHtidline  Umeetones. 

The  black  tourmaline  is  of  widespread  occurrence  as  an  u 
mineral  in  metamorphic  rocks.  The  light  colored  gem  i 
are  found  in  the  pegmatite  dikes.  Famous  localities  for  tbeow^ 
rence  of  the  gem  tourmalines  are  the  island  of  Elba;  in  theatoeii 
Minas  Gcraes,  Brazil;  Ural  Mountains  near  Ekaterinburg;  Mid» 
gascar;  Paris  and  Auburn,  Maine;  Haddam  Neck,  Connecticut;  V 
Grande,  I'ala,  Rincon  and  Ramona  in  San  Diego  County,  CaKtomii- 

Nam«.     The  name  Umrmaline  comes  from  Iwramali,  a  ni 
given  to  the  early  gems  from  Ceylon. 

Uho.  Tourmaline  forms  one  of  the  moat  beautiful  of  the  SKni" 
precious  gem  atones.  The  color  of  the  stones  varies,  the  prin"' 
pal  shades  being  olive^een,  pink  to  red  and  blue.  Sometim!* 
a  stone  is  so  cut  as  to  show  different  colore  in  different  parts.  Tfc 
greeo-colorod  stones  are  usuaUy  known  by  the  mineral  n 
tourmaline,  or  as  Brazilian  emeralds.  The  red  or  pink  sIohb 
are  known  as  rubeUite,  while  the  rarer  dark  blue  stones  are  cslW 
tjulicdite. 

Staurolite. 

GompoBition.    A  ferrous  iron-aluminium  silicate,  EA1|F^ 
SiiO,,. 

Giystallization.     Orthorhombic.     Habit  prismatic,  ahowiig 
usually  a  combination  of  prism  with  large  angle  (130°),  brachy- 


Fir.  332.  Fig.  333.  Pig.  331. 

pinacoid,  base  and  macrodome  (Fig.  332).       Cruciform  twins 
very  common;  of  two  types,  (1)  in  which  the  two  individuals 
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at  nearly  90°  (Fig.  333),  (2)  in  which  they  cross  at  nearly 
Fig.  334).  Sometimes  both  types  are  combined  in  one 
il. 

ucture.     Usually  in  crystals. 

^cal  Properties.  H.  =  7-7.5.  G.  =  3.65-3.75.  Resin- 
)  vitreous  luster,  for  pure  and  fresh  material;  often  dull  to 
/  when  altered  or  impure.  Color  red-brown  to  brownish 
.    Translucent  to  opaque. 

its.     Infusible.    Insoluble.    On  intense  ignition  in  C.  T. 
a  little  water.    Often  very  impure.    Recognized  by  its 
cteristic  crystals  and  twins. 

lurrence.  Staurolite  is  an  accessory  mineral  in  metamorphic 
in  crystalline  schists,  slates,  and  sometimes  in  gneisses, 
associated  with  garnet,  cyanite,  sillimanite,  tourmaline.  No- 
[ocalities  for  its  occurrence  are  Monte  Campini,  Switzerland; 
ttany;  Minas  Geraes,  Brazil;  Windham,  Maine;  Franconia 
isbon,  New  Hampshire;  Chesterfield,  Massachusetts;  Fannin 
y,  Georgia. 

ne.     Derived  from  a  Greek  word  meaning  cross,  in  allusion 

cruciform  twins. 

.     Occasionally  a  transparent  stone  from  Brazil  is  cut  as  a 


HYDROUS  SILICATES. 

ZEOLITE   DIVISION. 

INTRODUCTORY  SUBDIVISION. 

Apophyllite. 

aposition.  H7KCa4(Si03)8.4iH20.  Usually  contains  a 
amount  of  fluorine. 

Btallization.  Tetragonal.  Usually  shows  a  combination 
im  of  second  order,  pyramid  of  first  and  basal  plane  (Figs. 
ad  336).  Small  faces  of  a  ditetragonal  prism  sometimes 
^ed  (Fig.  337).  Prism  faces  show  vertical  striations  and 
a  vitreous  luster,  while  base  shows  pearly  luster.  Crys- 
lay  resemble  an  isometric  combination  of  cube  and  octa- 
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hedron,  but  are  shown  to  be  tetragonal  by  difiPerence  in  lustei 
between  faces  of  prism  and  base. 


a 


a 


/         n        ...la 


p 


Fig.  335. 


Fig.  336. 


Fig.  337. 


Structure.     In  crystals;  also  massive  and  lamellar. 

Phsrsical  Properties.  Perfect  basal  cleavage.  H.  =  4.5-5. 
G.  =  2.3-3.4.  Luster  of  base  i>early,  other  faces  vitreous. 
Color  usually  colorless,  white  or  grayish;  may  show  pale  shades 
of  green,  yellow,  rose.  Usually  transparent,  rarely  nearly 
opaque. 

Tests.  Fuses  easily  with  swelling  to  a  white  vegicular  enamel. 
Colors  the  flame  pale  violet  (potassium).  Yields  16  per  cent 
of  water  in  C.  T.  Decomposed  by  hydrochloric  acid  witb 
separation  of  silica  but  without  the  formation  of  a  jelly.  Solu- 
tion gives  little  or  no  precipitate  with  ammonia  but  gives  an 
abundant  white  precipitate  with  ammonium  carbonate  (calcium 
carbonate).  Recognized  usually  by  its  crystals,  color,  luster  and 
basal  cleavage. 

Occiurence.  Occurs  commonly  as  a  secondary  mineral  lining 
cavities  in  basalt  and  related  rocks.  Associated  with  various  zeo- 
lites, with  calcite,  datolite,  pectolite,  etc.  Found  in  fine  crystals  at 
Bergen  Hill,  New  Jersey;  Cliff  Mine,  Lake  Superior  copper  district; 
Table  Mountain,  near  Golden,  Colorado;  mercury  mines,  NewAl- 
maden,  California;  Nova  Scotia;  Guanjuato,  Mexico;  near  Bombay, 
India;  Andreasberg,  Harz  Mountains;  Faroer  Islands;  Iceland; 
Greenland,  etc. 

Name.  Apophyllitey  named  from  two  Greek  words  meaning 
to  get  leaveSj  because  of  its  tendency  to  exfoliate  when  ignited. 
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ZEOLITES. 

ites  form  a  large  family  of  hydrous  silicates  which 
similarities  in  composition  and  in  their  associations 

3f  occurrence.    They  are  silicates  of  aluminium  with 

d  calcium  as  the  important  bases.  They  average 
5.5  in  hardness  and  from  2  to  2.4  in  specific  gravity. 

lem  fuse  readily  with  marked  intumescence,  hence  the 

e,  from  two  Greek  words  meaning  to  boil  and  stone. 

3Condary  minerals  found  characteristically  in  cavities 

in  basic  igneous  rocks. 

Heulandite. 

ion,  H4CaAl2(SiOs)6.3H20.  Monoclinic,  but  crystals 
ite  orthorhombic  symmetry.  Clinopinacoid  prominent, 
D  a  diamond  shape.  Perfect  cleavage  parallel  to  clino- 
H.  =  3.5-4.  G.  =  2.15-2.2.  Vitreous  luster,  except  on 
d,  which  is  pearly.  Color  white,  yellow,  red.  Trans- 
most  opaque.  Fusible  (3)  with  intumescence.  Decom- 
drochloric  acid  with  separation  of  siUca.  Water  in  C.  T. 
of  secondary  origin  found  in  cavities  of  basic  igneous 
ated  with  other  zeolites,  calcite,  etc.  Found  in  notable 
seland;  the  Faroer  Islands;  British  India;  Nova  Scotia. 

Phillipsite. 

ion,  (K2,Ca)Al2Si40i2.4iH20.  Monoclinic.  Crystals 
ly  penetration  twins  but  often  appearing  to  be  tetragonal 
mbic  in  form.  Cleavage  parallel  to  base  and  clinopina- 
=  4-4.5.  G.  =  2.2.  Vitreous  luster.  White  or  reddish 
Translucent  to  opaque.  Fuses  at  3  to  a  white  enamfil. 
with  hydrochloric  acid.  Water  in  C.  T.  A  secondary 
md  in  cavities  of  igneous  rocks  associated  with  other 

Harmotone. 

I  zeolite  having  the  composition  (K2,Ba)Al2Si40i2.3H20. 
Crystals  are  uniformly  cruciform  penetration  twins, 
ivage  parallel  to  clinopinacoid.  H.  =  4.5.  G.  =  2.4- 
)us  luster.  Colorless  or  white.  Translucent.  Fuses  at 
posed  by  hydrochloric  acid  with  separation  of  silica. 
I  sulphuric  acid  to  hydrochloric  acid  solution  gives  a 
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while  pn»fipitate  of  l)arium  sulphate.  Water  in  C.  T.  A  mineral (rf 
stHt)iKiarv  oriicin.  occurrtog  ia  cavities  of  basic  igneous  rocks,  aoo- 
i-iauil  with  other  zeolites,  calcite,  etc. 

Stilbite.     Desmiae. 

Composition.     (Na,,Ca)Al,SU0w.6H2O. 

Crystallisation.    Motioclitiic.    UQifonnly  in  cruciform  twins. 
( \)iiimoiily  tabular  parallel  to  clinopinacoid.    Crys- 
tals usually  iu  sheaflike  aggregates  (Fig.  338). 
Structure.     In  crystal  groups,  divergent  or  radi- 

illOll. 

Physical  Propertiee.  Perfect  cleavage  parallel 
to  rliiiopiuacoid.  H.  =  3.5-4.  G.  =  2.1-2.2.  Mt- 
rt^;us  luster;  pearly  on  clinopinacoid.  Color  white, 
yollow,  brown,  red.    Translucent. 

Tssts.     Fuses  with  intumescence  at  3.     Decom- 

posi'd  by  hydrochloric  acid  with  separation  of  silica 

but  without  the  formation  of  a  jelly.    Water  in 

'"'  C.'V.    (.Characterized  chiefly  by  its  cleavage,  pearly 

lusu^r  oil  tho  cleavage  face  and  common  sheaflike  groups  of 

iTVNials. 

Occurrence.  A  minernl  of  secondary  origin  found  in  &mygdaloi(i>l 
rnvuus  ill  lnus;iUs  :iiul  rt'latini  ixx'ks.  Found  associated  with  other 
/.I'oliU'K,  r:ilriii\  oti*.  Notable  localities  for  its  occurrence  are  Poo- 
iKih.  liuluv;  IsU'oiSkyo;  Kiiroer  Islands;  BLilpatrick,  Scotland;  loe* 
{•Mid;   NovH  Scoiia. 

Nanxe.     IVrivcd  from  a  Greek  word  meaning  luster. 

Laumoiitite. 

A  2iH>lite  witli  composition  IUCaAUSi40i4.2H]0.  Monodinic. 
Ill  j>risin:iiic  crystals  with  oblique  terminations;  columnar.  Cleav- 
atft*  panillol  to  prism  aud  clinopinacoid.  H.  «  3.5-4.  G.  =  2^ 
-.;>.'>.  \'itrtH>iis  to  pH^arly  luster.  Color  white  or  gray.  Alters  on 
o\pv>siirt\  hoa^iniiiij  opaque  aiul  pul\-erulent.  Fusible  (2.5).  Gelat- 
iiiizt^  ill  :u'ids.  Water  in  C  T.  Found  as  a  mineral  of  secondar)' 
origin  in  cavities  of  basic  igneous  rocks,  associated  with  other  mo- 
liti^,  etc. 
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Chabazite. 

impoBition.  Usually  corresponds  to  (Ca,Nas)Al2Si40i2.6H20 
different  analyses  show  considerable  variation  from  this 
lula,  so  that  the  composition  is  still  uncertain. 
rystallization.  Hexagonal-rhombohedral.  Common  form 
le  simple  rhombohedron  r,  having  nearly  cubic  angles.  May 
¥  several  different  rhombo- 
rops  (Fig.  339).  Often  in 
etration  twins, 
taructure.     Usually  in  crys- 

• 

hysical   Properties.     H.  = 

.  G.  =  2.05-2.15.  Vitreous 
er.  Color  white,  yellow, 
i-red.  Transparent  to  trans- 
nt.  ^*«-  339. 

etts.  Fuses  with  swelling  at  3.  Decomposed  by  hydro- 
iric  acid  with  the  separation  of  silica  but  without  the  for- 
ion  of  a  jelly.  Solution  after  filtering  off  silica  gives  pre- 
late of  aluminium  hydroxide  with  ammonia,  and  in  filtrate 
Qonium  carbonate  gives  white  precipitate  of  <;alcium  carbo- 
j.  Gives  much  water  in  C.  T.  Recognized  usually  by  its 
itals. 

ccurrence.  A  mineral  of  secondary  origin  found  usually  with 
T  zeolites,  lining  amygdaloidal  cavities  in  basalt.  Notable 
lities  for  its  occurrence  are  the  Faroer  Islands;  Greenland  and 
ind;  the  Giant's  Causeway,  Ireland;  at  Aussig,  Bohemia;  in 
a  Scotia,  etc. 

rame.  Chabazite  is  derived  from  a  Greek  word  which  was 
indent  name  for  a  stone. 

melinite,  (Nai,Ca)Al2Si40i2.6H20,  is  closely  related  to  chaba- 
but  rarer  in  occurrence. 

Analcite. 

omposition.     Hydrous     sodium-aluminium     metasilicate, 
JSixOe.HtO  =  Silica  54.5,  alumina  23.2,  soda  14.1,  water 
Note  similarity  in  composition  to  leucite,  KAlSi206. 
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Structure.  Usually  in  radiating  crystal  groups  (see  Fig.  C, 
H);  also  fibrous,  massive,  granular  or  compact. 

^liysical  Properties.  Perfect  prismatic  cleavage.  H.  =  5-5.5. 
=  2.25.    Vitreous  luster.    Colorless  or  white.    Sometimes 

Lted  yellow  to  red.    Transparent  to  translucent. 

Vasts.    Easily  fusible  (2.5)  to  a  clear,  transparent  glass  giving 

yellow  (sodium)  flame.    Water  in  C.  T.    Soluble  in  hydro- 

loric  acid   and  gelatinizes  upon  evaporation.    Recognized 

iefly  by  its  radiating  crystals. 

^)C6Urrence.  A  mineral  of  secondary  origin,  found  lining  amygda- 
idal  cavities  in  basalt,  etc.  Associated  with  other  zeolites,  calcite, 
c.  Notable  localities  for  its  occurrence  are  Aussig  and  Teplitz, 
cAemia;  Puy  de  Dome,  France;  Fassathal,  Tyrol;  Kapnik,  Hun- 
tty;  in  various  places  in  Nova  Scotia;  Bergen  Hill,  New  Jersey; 
ftpper  district.  Lake  Superior. 

Scolecite. 

A  zeolite  with  composition  CaAl2SisOio.3H20.  Monoclinic.  In 
ender  prismatic,  twinned  crystals.  In  radiating  groups.  Some- 
mes  fibrous.  Prismatic  cleavage.  H.  =  5-5.5.  G.  =  2.16-2.4. 
itreous  luster;  silky  when  fibrous.  Colorless  or  white.  Trans- 
Bient  to  almost  opaque.  Fuses  at  2.5  to  a  voluminous  frothy  slag, 
elatinizes  in  acids.  Water  in  C.  T.  A  mineral  of  secondary  origin, 
«imd  lining  cavities  in  basic  igneous  rocks,  associated  with  other 
lolites,  etc. 

Thomsonite. 

A  zeolite,  having  the  composition  (Na2Ca)Al2(Si04)2.2}H20. 
rtiiorfaombic  but  distinct  crystals  rare.  Commonly  columnar 
tth  radiated  structure.  Perfect  pinacoidal  cleavage.  H.  =  5-5.5. 
.  =  2.3-2.4.  Vitreous  luster.  Colorless,  white,  gray.  Transparent 
translucent.  Fuses  with  intumescence  at  2-2.5.  Soluble  and 
latinizes  in  acids.  Much  water  in  C.  T.  Occurs  in  amygdaloidal 
vities  in  basalt,  etc.,  associated  with  other  zeolites. 

MICA  DIVISION. 

MICA  GROUP. 

The  micas  form  a  series  of  complex  silicates  of  aluminium  with 
)tassiiun  and  hydrogen,  also  often  magnesium,  ferrous  iron, 
id  in  some  varieties,  sodium,  lithium,  ferric  iron.  More  rarely 
anganese,  chromium,  barium,  fluorine  and  titanium  are  present 
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ill  small  amounts.  The  composition  of  mainr  of  iht  nuns  ■ 
not  (lofinitely  understood  and  the  fcMmulas  aasigsied  lo  dioi 
arc  only  approximate. 

Th(\y  crystallize  in  the  monoclinic  system  bot  vhli  m  aiiil 
inclination  of  practically  90^,  so  that  their  monorfinic  sym- 
metry is  not  clearly  seen.  The  crystals  are  asoallT  tabular  with 
prominent  basal  planes,  and  have  either  a  diamond-  or  hexagooil- 
HhapcMl  outline  with  angles  of  60^  and  120°.  The  cnrstals,  ast 
rule,  therefore,  appear  to  be  either  orthorhcxnbic  or  hengooal 
in  th(»ir  synmiotry.  They  are  all  charactmzed  by  a  very  perfect 
biisal  cleavage. 

They  form  an  isomorphous  series,  and  various  gradatioDS 
between  the  different  members  occur.  Their  isomcHphism  is 
further  indicated  by  two  members  of  the  group  frequently 
crysUillizing  together,  with  a  parallel  position,  in  the  same 
cryHtal  plate.  Biotite  occurs  crystallizing  in  this  way  with 
nniHoovite,  and  muscovite  with  lepidolite,  etc. 

The  important  members  of  the  group  follow: 

MxiscoviU,       HaKAls(Si04)8. 
Jjevidolite,       KLi[A1.2(OH,F)]Al(SiO,),. 
BiotiUi,  (H,K)2(Mg,Fe):»Al,(Si04),. 

Phhgopite,       HaKMgsAKSiOOs? 
Upidomelane,  (H,K)2Fe,(Fe,Al)4(Si04)6? 

Muscovite.     Common  Mica. 

Composition.  H2KAls(Si04)8.  Contains  also  frequently  small 
amounts  of  ferrous  and  ferric  iron,  magnesium,  calcium,  sodium, 
lithium,  fluorine,  titanium,  etc. 

Crystallization.  Monoclinic  with  axial  angle  nearly  90^ 
Occurs  in  tabular  crystals  with  prominent  base.  The  pres- 
ence of  prism  faces  having  angles  of  60®  and  120**  with  each 
other  gives  the  plates  a  diamond-shaped  outline,  making  them 
simulate  orthorhombic  symmetry.  If  the  clinopinacoid  faces 
are  also  present,  the  crystals  become  hexagonal  in  outline  with 
apparently  hexagonal  symmetry.  The  prism  faces  are  roughened 
by  horizontal  striations  and  frequently  taper. 
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cture.  Foliated  in  large  to  small  sheets;  in  scales  which 
aetimes  aggregated  into  plumose  or  globular  forms.  Dis- 
rystals  comparatively  rare. 

lical  Properties.  Extremely  perfect  cleavage  parallel  to 
Uowing  the  mineral  to  be  split  into  excessively  thin  sheets, 
flexible  and  elastic.  H.  =  2-2.5.  G.  =  2.76-3.  Vitre- 
silky  or  pearly  luster.  Transparent  and  almost  colorless 
L  sheets.  In  thicker  blocks,  opaque  with  light  shades  of 
and  green.  May  be  yellow  to  white.  Some  crystals  are 
icent  when  viewed  perpendicular  to  the  prism  zone  but 
3  in  a  direction  perpendicular  to  the  base. 
18.  Fusible  at  4.5-5.  Unattacked  by  boiling  hydro- 
or  sulphuric  acids.  Characterized  by  its  micaceous 
ire  and  light  color.  Told  from  phlogopite  by  its  not  being 
posed  in  sulphuric  acid  and  from  lepidolite  by  not  giving 
son  flame  B.  B. 

irrence.  A  widespread  and  very  common  rock-making  min- 
Foimd  in  such  igneous  rocks  as  granite  and  syenite.  Espe- 
sharacteristic  of  pegmatite  veins,  and  found  lining  cavities 
lites,  where  it  has  evidently  been  formed  by  the  action  of 
lizing  Vapors  during  the  last  stages  of  the  formation  of  the 
Muscovite  is  chiefly  characteristic  of  the  deep-seated  igneous 
and  is  not  found  in  the  recent  eruptive  rocks.  Also  very 
»n  in  metamorphic  rocks,  as  gneiss  and  schist,  forming  the 
3nstituent  in  certain  mica-schists.  In  some  schistose  rocks 
rs  in  the  form  of  fibrous  aggregates  of  minute  scales  having  a 
ister,  but  which  do  not  show  so  plainly  the  characters  of  the 
1.  This  variety  is  known  as  sericite,  and  is  usually  the  prod- 
alteration  of  feldspar.  Muscovite  also  originates,  as  the 
ion  product  of  several  other  minerals,  as  topaz,  cyanite, 
aene,  adalusite,  scapolite,  etc.  Finite  is  a  name  given  to  the 
ous  alteration  product  of  various  minerals,  and  which  corre- 
in  composition  more  or  less  closely  to  muscovite. 
be  pegmatite  veins,  muscovite  occurs  associated  with  quartz 
Idspar,  with  tourmaline,  beryl,  garnet,  apatite,  fluorite,  etc. 
)imd  often  in  these  veins  in  large  blocks,  which  are  at  times 
I  feet  across. 

icovite  is  found  in  the  United  States  in  commercial  deposits 

in  the  Appalachian  and  Rocky  Moimtain  regions.    The 

)roductive  pegmatite  veins  occur  in  North  Carolina,  mostly 

}chell,  Yancey,  Hajrwood,  Jackson  and  Macon  counties,  and 
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ill  the  Black  Hills  of  South  Dakota.  Of  leas  importance  are  tiie 
ilepo8ita  in  C/olorado,  Alabama  and  Virig;mia.  Mmoorite  has  beet 
miiuMl  in  New  Hampshire,  Maine  and  Connecticut.  Largpdepoati 
Hrt'  found  in  C^anada  in  the  township  of  Grenville,  east  of  Ottavi, 
and  in  u  diHtrict  to  the  east  of  Quebec.  Large  and  importaoi 
depoHits  occur  in  India. 

Name.  M  uscotnte  was  so  called  from  the  popular  name  d  the 
niiiirml,  M liscouy^lass,  because  of  its  use  as  a  substitute  Iff 
^hiSM  in  liu88ia.  Mica  was  probably  derived  from  the  Latin 
tnican\  tuouning  to  shine. 

Um.  Tsed  chiefly  as  an  insulating  material  in  the  manufa^ 
turt'  of  electrical  apparatus.  Used  as  a  transparent  material 
l^iHin^huts)  for  stove  doors,  lanterns,  etc.  Scrap  mica,  or  the 
waste  material  in  the  manufacture  of  sheet  mica,  is  used  in  many 
\vu>'H,  Hs  in  the  manufacture  of  wall  papers  to  give  them  a  shiny 
luster,  as  a  lubricant  when  mixed  with  oils;  as  a  nonconductor 
v)f  hcuvt  and  a3  a  flreproofing  material. 


Lepidolite. 

Ooiupoaitlon.     Lithia  mica,  KLi[A1.2(OH.F)]Al(SiOs),. 
Cryttallliation.     Monoclinic.     Crystals    usually    in 
pliite.s  or  prisms  with  hexagonal  outline. 
Struoturt.     C^oumionly  in  coarse-  to  fine-grained  scaly  aggre- 

kiiites. 

FHytical  Properties.  Perfect  basal  cleavage.  H.  =  2.5-4. 
i ;  -  J  s.  IVarlv  luster.  Color  pink  and  lilac  to  grayish  white. 
Tmiishuvut. 

Te»t».  Easily  fusible  (2),  giving  a  crimson  flame  Qithium). 
liisoluMi'  ill  aeids.  Characterized  chiefly  by  its  micaceous 
Nlruoture  and  lilac  to  pink  color. 

Ooeurrence.  A  (HJinparatively  rare  mineral,  found  in  pepnatite 
NTUirt,  Uf*unUy  assoeiatinl  with  pink  and  green  tourmaline,  cassiterite, 
Hi»»l»lyKoiute.  siHuUnneno,  etc.  Often  intergrown  with  muscovitein 
imruiU'l  position.  Notable  localities  for  its  occurrence  are  at  Roisau, 
Moravia;  St.  Michael's  Mount,  Cornwall;  western  Maine  at  Hebron, 
.\ubun\,  Norway,  Taris,  Uumford;  Chesterfield,  Massachusetts;  San 
l>io«o  County,  California. 
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le.    Derived  from  a  Greek  word  mettning  scale. 
A. source  of  lithium  compounds. 

Biotite. 

ipoBitlon.     (H,K),(Mg,Fe)itAl,(Si04),. 
itallisation.    Monoclinic.    In  tabular  or  short  prismatic 
Is  with  prominent  basal  planes.    Crystals  rare,  frequently 
)rhombohedral. 

icture.  Usually  in  irregular  foliated  masses;  often  in  dis- 
ited  scales  or  in  scaly  aggregates. 

sical  Properties.  Perfect  basal  cleavage.  Folia  flexible 
astic.  H.  =  2.5-5.  G.  =  2.95-3.  Splendent  luster.  Color 
Y  dark  green  and  brown  to  black.  More  rarely  lighter 
.  Thin  sheets  usually  have  a  smoky  color  (differing  from 
nost  colorless  muscovite). 

be.     Difficultly  fusible,  at  5.     Unattacked  by  hydrochloric 
Decomposed  by  boiling  concentrated  sulphuric  acid,  giv- 
nilky  solution.    Characterized  by  its  micaceous  structure, 
ge  and  dark  color. 

urrence.  An  important  and  widely  distributed  rock-making 
1,  but  not  as  common  as  muscovite.  Occurs  in  igneous  rocks, 
tlly  those  in  which  feldspar  is  prominent,  such  as  granite  and 
J.  Found  also  in  many  felsite  lavas  and  porphyries.  Less 
m  in  the  ferromagnesium  rocks.  Is  also  present  in  some 
orphosed  rocks,  as  gneiss  and  schist.  Occurs  in  fine  crystals 
lavas  of  Vesuvius. 

Phlogopite. 

iposition.  A  magnesium  mica,  near  biotite,  but  contain- 
iron,  H2KMg8Al(Si04)3(?).  Usually  contains  about  3  per 
f  fluorine.  • 

itallization.  Monoclinic.  Usually  in  six-sided  plates  or 
ering  prismatic  crystals.     Crystals  frequently  large  and 

• 

LCture.     In  crystals  or  foliated  masses. 

Bical  Properties.    Perfect  basal  cleavage.     Folia  flexi- 

d  elastic.     H.  =  2.5-3.    G.  =  2.86.    Luster  vitreous  to 
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pearly.  Color  yellowish  brown,  green,  white,  often  with  copper- 
like  reflections  from  the  cleavage  surface.  Transparent  in  thin 
sheets  to  opaque  in  the  mass. 

Tests.  Fusible  at  4.5-5.  Insoluble  in  hydrochloric  add 
Decomposed  by  boiling  concentrated  sulphuric  acid,  giving  a 
milky  solution.  Characterized  by  its  micaceous  structure,  cleav- 
age and  yellowish  brown  color.  Told  from  muscovite  by  its 
decomposition  in  sulphuric  acid  and  from  biotite  by  its  lighter 
color.  But  it  is  impossible  to  draw  a  sharp  distinction  between 
biotite  and  phlogopite. 

Occurrence.  Occurs  as  a  product  of  metamorphism  in  crystalline 
magnesium  limestones  or  dolomitic  marble^.  Rarely  found  in  ig- 
neous rocks.  Notable  localities  are  in  Finland;  Sweden;  Campo- 
longo,  Switzerland;  Ceylon,  etc.  In  North  America,  found  chiefly 
in  Jefferson  and  St.  Lawrence  counties,  New  York;  at  North  and 
South  Burgess,  Ontario,  and  in  various  locahties  in  Quebec,  Canada. 

Name.     Named  from  a  Grieek  word  meaning  firdike^  in  allu- 
sion to  its  color. 
Use.    Same  as  for  muscovite. 

Lepidomelane. 

A  mica,  that  may  be  regarded  as  a  variety  of  biotite,  characterized 
by  the  large  amount  of  ferric  iron  that  it  contains,  (H,K)jFea(Fe,Al)r 
(Si04)6(?).  Monoclinic.  In  small  hexagonal-shaped  tables,  eras 
an  aggregate  of  minute  scales.  Perfect  basal  cleavage.  H.  =  3. 
G.  =  3-3.2.  Adamantine  to  pearly  luster.  Color  black  to  green- 
ish black.  Opaque  or  translucent  in  very  thin  laminse.  Fuses  at 
4.5-5  to  a  magnetic  globule.  Decomposed  by  hydrochloric  acid. 
A  comparatively  rare  mineral,  found  chiefly  in  pegmatitic  granites 
and  syenites. 

CUNTONITE   QROUP. 

The  minerals  of  this  group  are  rare  species  that  lie  between 
the  true  micas  and  the  chlorites.  They  resemble  the  micas  in 
crystal  forms,  cleavage,  etc.,  but  differ  physically  in  that  their 
folia  are  brittle,  and  chemically  in  that  they  are  basic  in  char- 
acter. The  only  species  in  the  group  that  warrants  description 
is  margarite. 
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k  micaceous  mineral  with  the  composition  HsCaAl4SisOis.  Mono- 
nic  but  seldom  in  distinct  crystals.  Usually  in  foliated  aggregates, 
srfect  basal  cleavage.  H.  —  3.5-4.5  (harder  than  the  true  micas). 
.  =»  3.05.  Luster  vitreous  to  pearly.  Color  pink,  white  and  gray, 
ranslucent.  Folia  somewhat  brittle.  Fuses  at  4-4.5.  Unat- 
•eked  by  acids.  Occurs  usually  with  corundum  and  apparently  as 
le  of  its  alteration  products.  Found  in  this  way  with  the  emery 
Bpofiits  of  Asia  Minor;  on  the  islands  of  the  Greek  archipelago;  at 
Chester,  Massachusetts;  Chester  County,  Pennsylvania;  with  co- 
jndum  deposits  in  North  Carolina,  etc. 

CHLORITE  QROUP. 

A  somewhat  ill-defined  group  of  closely  related  micaceous 
ninerals  is  known  as  the  Chlorite  Group  or  as  the  chlorites. 
Hiey  are  so  named  on  account  of  the  characteristic  green  color 
•Iiat  they  show.  They  are  silicates  of  aluminium  with  magne- 
ium,  ferrous  iron  and  hydroxyl.  Ferric  iron  may  replace  the 
luminium  in  small  amount.  Chromium  and  manganese  may 
ccur.  Calcium  and  the  alkalies,  which  are  characteristic  of 
le  micas  proper,  are  practically  absent.  The  composition 
•  these  minerals  is  not  fully  understood.  Their  crystal  forms 
"e  similar  to  those  of  the  micas  and  they  show  a  perfect  basal 
^vage.  Their  laminse,  however,  are  tough  and  inelastic, 
linochlore  is  the  most  conmion  member  of  the  group. 

Clinochlore.     Pennini  te . 

Coxnposition.  H8Mg&Al2Si80i8.  See  above. 
Crystallization.  Monoclinic.  In  six-sided  tabular  crystals, 
th  prominent  basal  planes.  Similar  in  habit  to  the  crystals 
the  mica  group,  but  distinct  crystals  rare.  Penninite  is 
3udorhombohedral  in  symmetry,  otherwise  it  is  identical  with 
nochlore. 

Structure.     Usually  foliated  massive  or  in  aggregates  of 
nute  scales;  in  finely  disseminated  particles;  earthy. 
Physical  Properties.     Perfect  basal  cleavage.     Folia  flexible 
t    not   elastic.    H.  =  2-2.5.    G.  =  2.65-2.75.    Vitreous   to 
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white  precipitate  of  barium  sulphate.  Water  in  C.  T.  A  mineral  of 
secondary  origin,  occurring  in  cavities  of  basic  igneous  rocks,  asso- 
ciated with  other  zeolites,  calcite,  etc. 

Stilbite.     Desmine. 

Composition.     (Naa,Ca)Al,Si60i6.6H20. 
Crystallization.    Monoclinic.    Uniformly  in  cruciform  twins. 
Commonly  tabular  parallel  to  clinopinacoid.   Crys- 
tals usually  in  sheaflike  aggregates  (Fig.  338). 

Structure.  In  crystal  groups,  divergent  or  radi- 
ated. 

Physical  Properties.  Perfect  cleavage  paralld 
to  clinopinacoid.  H.  =  3.5-4.  G.  =  2.1-2.2.  W 
reous  luster;  pearly  on  clinopinacoid.  Color  white, 
yellow,  brown,  red.    Translucent. 

Tests.    Fuses  with  intumescence  at  3.    Decom- 
posed by  hydrochloric  acid  with  separation  of  silica 
but  without  the  formation  of  a  jelly.    Water  in 
C.  T.    Characterized  chiefly  by  its  cleavage,  pearly 
luster  on  the  cleavage  face  and  common  sheaflike  groups  of 
crystals. 

Occurrence.  A  mineral  of  secondary  origin  found  in  amygdaloidal 
cavities  in  basalts  and  related  rocks.  Found  associated  with  other 
zeolites,  calcite,  etc.  Notable  localities  for  its  occurrence  are  Poo- 
nah,  India;  IsleofSkye;  Faroerlslaods;  Kilpatrick,  Scotland;  Ice- 
land; Nova  Scotia. 

Name.     Derived  from  a  Greek  word  meaning  litster. 


Laumontite. 

A  zeolite  with  composition  H4CaAl2Si40i4.2HsO.  Monoclinic 
In  prismatic  crystals  with  oblique  terminations;  columnar.  Cleav- 
age parallel  to  prism  and  clinopinacoid.  H.  =  3.5-4.  G.  =»  2.25- 
2.35.  Vitreous  to  pearly  luster.  Color  white  or  gray.  Alters  on 
exposure,  becoming  opaque  and  pulverulent.  Fusible  (2.5).  Gdat- 
inizes  in  acids.  Water  in  C.  T.  Found  as  a  mineral  of  secondaiy 
origin  in  cavities  of  basic  igneous  rocks,  associated  with  other  wo- 
lites,  etc. 
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Chabazite. 

>mxpo8ition.  Usually  corresponds  to  (Ca,Na2)Al2Si40is.6H20 
i  different  analyses  show  considerable  variation  from  this 
mula,  so  that  the  composition  is  still  uncertain. 
SzTStallisation.  Hexagonal-rhombohedral.  Common  form 
the  simple  rhombohedron  r,  having  nearly  cubic  angles.  May 
>w  several  different  rhombo- 
drops  (Fig.  339).  Often  in 
netration  twins. 
Structure.  Usually  in  crys- 
is. 

Physical  Properties.  H.  = 
5.  G.  =  2.05-2.15.  Vitreous 
ster.  Color  white,  yellow, 
«h-red.  Transparent  to  trans- 
cent.  ^»«-  339. 
Tests.  Fuses  with  swelling  at  3.  Decomposed  by  hydro- 
done  acid  with  the  separation  of  silica  but  without  the  for- 
ation  of  a  jelly.  Solution  after  filtering  off  silica  gives  pre- 
pitate  of  aluminium  hydroxide  with  ammonia,  and  in  filtrate 
nmonium  carbonate  gives  white  precipitate  of  <}alcium  carbo- 
ate.  Gives  much  water  in  C.  T.  Recognized  usually  by  its 
ystals. 

Occurrence.  A  mineral  of  secondary  origin  found  usually  with 
her  zeolites,  lining  amygdaloidal  cavities  in  basalt.  Notable 
^alities  for  its  occurrence  are  the  Faroer  Islands;  Greenland  and 
-land;  the  Giant's  Causeway,  Ireland;  at  Aussig,  Bohemia;  in 
>Va  Scotia,  etc. 

Kame.     Chabazite  is  derived  from  a  Greek  word  which  was 
ancient  name  for  a  stone. 

Gmdinitej  (Na2,Ca)Al2Si40i2.6H20,  is  closely  related  to  chaba- 
e  but  rarer  in  occurrence. 

Analcite. 

Composition.  Hydrous  sodium-aluminium  metasilicate, 
lAlSiiOe.HsO  =  Silica  54.5,  alumina  23.2,  soda  14.1,  water 
5.     Note  fidmilarity  in  composition  to  leucite,  KAlSi206. 
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CiysttUlizatloii.  Isometric.  Usually  in  trapezohedrons  (Fig, 
340).  Cubes  with  trapezohodral  truncations  also  known  (F^ 
341). 


Fie.  341. 

Structure.     Usually  In  crystals,  also  massive  granular. 

Physical  Propertiei.  H.  =  5-5.5.  G.  =  2.27.  Vitreous!*- 
ter.     Colorless  or  white.     Transparent  to  nearly  opaque. 

Tests.  Fusible  at  3,5,  becoming  first  opaque  and  then  ador 
gla^.  Colors  the  flame  yellow  (sodium).  Decomposed  bf  1?' 
drochloric  acid  with  the  separation  of  silica  without  the  forao' 
tion  of  a  jelly.  Gives  water  in  C.  T.  UsuaUy  recognized bf  it> 
crystals  and  its  vitreous  luster. 

Occurrence.  Commonly  a  secondary  mineral,  formed  b. 
action  of  liot  circulating  waters,  and  is  to  be  found  deposited  io  tlie 
cavities  of  igneous  and  especially  volcanic  rocka.  Aaaociated  Biti 
calcite,  and  various  zeolites  and  related  minerak.  Fine  crysUl' 
found  at  Bergen  Hill,  New  Jersey;  in  the  Lake  Superior  coppa 
district;  at  Table  Mountain,  near  Golden,  Colorado;  at  C*!* 
Blomidon,  Nova  Scotia;  in  the  Cyclopean  Islands  near  Sicily;  i 
the  Fassathal,  Tyrol;  on  the  Faroer  iBlanda;  in  Iceland. 

Name.  Derived  from  a  Greek  word  meaning  weak,  in  allunoi 
to  its  weak  electric  power  when  heated  or  rubbed. 

Natrolite. 
Composition.     NaiAljSi,0,o,2H,0,     A  zeohte. 
CrTstallization.      Orthorhombic.     Crystals  usually  slenda 
prismatic,  often  acieular.     Prism  zone  vertically  striated.    Some- 
times terminated  by  low  pyramid.     Crystals  often  appear  to 
a  symmetry.    Sometimes  in  cruciform  twins. 
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Structure.  Usually  in  radiating  cr3rstal  groups  (see  Fig.  C, 
1.  II);  also  fibrous,  massive,  granular  or  compact. 

Physical  Properties.  Perfect  prismatic  cleavage.  H.  =  5-5.5. 
5.  =  2.25.  Vitreous  luster.  Colorless  or  white.  Sometimes 
inted  yellow  to  red.    Transparent  to  translucent. 

Tests.  Easily  fusible  (2.5)  to  a  clear,  transparent  glass  giving 
•  yeQow  (sodium)  flame.  Water  in  C.  T.  Soluble  in  hydro- 
:Uoric  acid  and  gelatinizes  upon  evaporation.  Recognized 
liiefly  by  its  radiating  crystals. 

Occurrence.  A  mineral  of  secondary  origin,  found  lining  amygda- 
^^  cavities  in  basalt,  etc.  Associated  with  other  zeolites,  calcite, 
tc  Notable  localities  for  its  occurrence  are  Aussig  and  Tephtz, 
hernia;  Puy  de  Dome,  France;  Fassathal,  Tyrol;  Kapnik,  Hun- 
Wy;  in  various  places  in  Nova  Scotia;  Bergen  Hill,  New  Jersey; 
^pper  district,  Lake  Superior. 

Scolecite. 

A  zeolite  with  composition  CaAl2SiaOio.3H20.  Monoclinic.  In 
BDder  prismatic,  twinned  crystals.  In  radiating  groups.  Some- 
[QeB  fibrous.  Prismatic  cleavage.  H.  =  5-5.5.  G.  =  2.16-2.4. 
itreous  luster;  silky  when  fibrous.  Colorless  or  white.  Trans- 
\tent  to  almost  opaque.  Fuses  at  2.5  to  a  voluminous  frothy  slag. 
^tinizes  in  acids.  Water  in  C.  T.  A  mineral  of  secondary  origin, 
Und  lining  cavities  in  basic  igneous  rocks,  associated  with  other 
olites,  etc. 

Thomsonite. 

A  zeolite,  having  the  composition  (Na2Ca)Al2(Si04)2.2§H20. 
thorfaombic  but  distinct  crystals  rare.  Commonly  columnar 
bh  radiated  structure.  Perfect  pinacoidal  cleavage.  H.  =  5-5.5. 
=  2.3-2.4.  Vitreous  luster.  Colorless,  white,  gray.  Transparent 
translucent.  Fuses  with  intumescence  at  2-2.5.  Soluble  and 
Atinizes  in  acids.  Much  water  in  C.  T.  Occurs  in  amygdaloidal 
Hties  in  basalt,  etc.,  associated  with  other  zeolites. 

MICA  DIVISION. 

MICA  QROUP. 

rhe  micas  form  a  series  of  complex  silicates  of  aluminium  with 
tassium  and  hydrogen,  also  often  magnesium,  ferrous  iron, 
d  in  some  varieties,  sodium,  lithium,  ferric  iron.  More  rarely 
tnganese,  chromium,  barium,  fluorine  and  titanium  are  present 
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in  small  amounts.  The  composition  of  many  of  the  micas  is 
not  definitely  understood  and  the  formulas  assigned  to  them 
are  only  approximate. 

They  crystallize  in  the  monoclinic  system  but  with  an  axial 
inclination  of  practically  90®,  so  that  their  monoclinic  sym- 
metry is  not  clearly  seen.  The  crystals  are  usually  tabular  with 
prominent  basal  planes,  and  have  either  a  diamond-  or  hexagonal- 
shaped  outline  with  angles  of  60°  and  120°.  The  crystals,  as  a 
rule,  therefore,  appear  to  be  either  orthorhombic  or  hexagonal 
in  their  synunetry.  They  are  all  characterized  by  a  very  perfect 
basal  cleavage. 

They  form  an  isomorphous  series,  and  various  gradations 
between  the  different  members  occur.  Their  isomorphism  is 
further  indicated  by  two  members  of  the  group  frequently 
crystallizing  together,  with  a  parallel  position,  in  the  same 
crystal  plate.  Biotite  occurs  crystallizing  in  this  way  with 
muscovite,  and  muscovite  with  lepidolite,  etc. 

The  important  members  of  the  group  follow: 

Muscovite,       H2KAlt(Si04)8. 
Lepidolite,       KLi[A1.2(OH,F)]Al(SiO,),. 
BioHte,  (H,K)2(Mg,Fe)2Al2(Si04)s. 

PMogopite,       HaKMgsAKSiO*),? 
Lepidomelane,  (H,K)aFe3(Fe,Al)4(Si04)6? 


Muscovite.     Common  Mica. 

Composition.  H2KAl3(Si04)8.  Contains  also  frequently  small 
amounts  of  ferrous  and  ferric  iron,  magnesium,  calcium,  sodium, 
lithium,  fluorine,  titanium,  etc'. 

Crystallization.  Monoclinic  with  axial  angle  nearly  90^ 
Occurs  in  tabular  crystals  with  prominent  base.  The  pres- 
ence of  prism  faces  having  angles  of  60®  and  120®  with  each 
other  gives  the  plates  a  diamond-shaped  outline,  making  them 
simulate  orthorhombic  symmetry.  If  the  clinopinacoid  faces 
are  also  present,  the  crystals  become  hexagonal  in  outline  with 
apparently  hexagonal  synmietry.  The  prism  faces  are  roughened 
by  horizontal  striations  and  frequently  taper. 
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Structure.  Foliated  in  large  to  small  sheets;  in  scales  which 
lie  sometimes  aggregated  into  plumose  or  globular  forms.  Dis- 
tinct crystals  comparatively  rare. 

Vbysical  Properties.  Extremely  perfect  cleavage  parallel  to 
base,  allowing  the  mineral  to  be  split  into  excessively  thin  sheets. 
Folia  flexible  and  elastic.  H.  =  2-2.5.  G.  =  2.76-3.  Vitre- 
CMiB  to  silky  or  pearly  luster.  Transparent  and  almost  colorless 
in  thin  sheets.  In  thicker  blocks,  opaque  with  light  shades  of 
Iwown  and  green.  May  be  yellow  to  white.  Some  crystals  are 
tntnslucent  when  viewed  perpendicular  to  the  prism  zone  but 
opaque  in  a  direction  perpendicular  to  the  base. 

Tests.  Fusible  at  4.5-5.  Unattacked  by  boiling  hydro- 
^oric  or  sulphuric  acids.  Characterized  by  its  micaceous 
■biicture  and  light  color.  Told  from  phlogopite  by  its  not  being 
decomposed  in  sulphuric  acid  and  from  lepidolite  by  not  giving 
^  crimson  flame  B.  B. 

Occurrence.  A  widespread  and  very  common  rock-making  min- 
-i^.  Found  in  such  igneous  rocks  as  granite  and  syenite.  Espe- 
ially  characteristic  of  pegmatite  veins,  and  found  lining  cavities 
tx  granites,  where  it  has  evidently  been  formed  by  the  action  of 
ciineralizing  Vapors  during  the  last  stages  of  the  formation  of  the 
ock.  Muscovite  is  chiefly  characteristic  of  the  deep-seated  igneous 
ocks,  and  is  not  found  in  the  recent  eruptive  rocks.  Also  very 
ommon  in  metamorphic  rocks,  as  gneiss  and  schist,  forming  the 
hief  constituent  in  certain  mica-schists.  In  some  schistose  rocks 
b  occurs  in  the  form  of  fibrous  aggregates  of  minute  scales  having  a 
ilky  luster,  but  which  do  not  show  so  plainly  the  characters  of  the 
lineral.  This  variety  is  known  as  senate,  and  is  usually  the  prod- 
ct  of  alteration  of  feldspar.  Muscovite  also  originates,  as  the 
Iteration  product  of  several  other  minerals,  as  topaz,  cyanite, 
podumene,  adalusite,  scapolite,  etc.  Pinite  is  a  name  given  to  the 
licaceous  alteration  product  of  various  minerals,  and  which  corre- 
ponds  in  composition  more  or  less  closely  to  muscovite. 

In  the  pegmatite  veins,  muscovite  occurs  associated  with  quartz 
nd  feldspar,  with  tourmaline,  beryl,  garnet,  apatite,  fluorite,  etc. 
t  is  found  often  in  these  veins  in  large  blocks,  which  are  at  times 
everal  feet  across. 

Muscovite  is  found  in  the  United  States  in  commercial  deposits 
hiefly  in  the  Appalachian  and  Rocky  Mountain  regions.  The 
lost  productive  pegmatite  veins  occur  in  North  Carolina,  mostly 
1  Mitchell,  Yancey,  Hajrwood,  Jackson  and  Macon  counties,  and 
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in  the  Black  Hills  of  South  Dakota.  Of  loss  importance  are  the 
deposits  in  Colorado,  Alabama  and  Virginia.  Muscovite  has  been 
mined  in  New  Hampshire,  Maine  and  Connecticut.  Large  deposits 
are  found  in  Canada  in  the  township  of  Grenville,  east  of  Ottawa, 
and  in  a  district  to  the  east  of  Quebec.  Large  and  important 
deposits  occur  in  India. 

Nazne.  Muscovite  was  so  called  from  the  pK)pular  name  of  the 
mineral,  Muscovy-glass ,  because  of  its  use  as  a  substitute  for 
glass  ia  Russia.  Mica  was  probably  derived  from  the  Latin 
micarCy  meamng  to  shine. 

Use.  Used  chiefly  as  an  insulating  material  in  the  manufac- 
ture of  electrical  apparatus.  Used  as  a  transparent  material 
(isinglass)  for  stove  doors,  lanterns,  etc.  Scrap  mica,  or  the 
waste  material  in  the  manufacture  of  sheet  mica,  is  used  in  many 
ways,  as  in  the  manufacture  of  wall  papers  to  give  them  a  shiny 
luster;  as  a  lubricant  when  mixed  with  oils;  as  a  nonconductor 
of  heat  and  as  a  fireproofing  material. 

Lepidolite. 

Composition.     Lithia  mica,  KLi[A1.2(OH.F)]Al(SiOs),. 

Crystallization.  Monoclinic.  Crystals  usually  in  small 
plates  or  prisms  with  hexagonal  outline. 

Structure.  Commonly  in  coarse-  to  fine-grained  scaly  aggre- 
gates. 

Physical  Properties.  Perfect  basal  cleavage.  H.  =  2.5-4. 
G.  =  2,8.  Pearly  luster.  Color  pink  and  lilac  to  grayish  white. 
Translucent. 

Tests.  Easily  fusible  (2),  giving  a  crimson  flame  O^thium). 
Insoluble  in  acids.  Characterized  chiefly  by  its  micaceous 
structure  and  lilac  to  pink  color. 

Occurrence.  A  comparatively  rare  mineral,  found  in  pegmatite 
veins,  usually  associated  with  pink  and  green  tourmaline,  cassiterite, 
amblygonite,  spodumene,  etc.  Often  intergrown  with  muscovite  in 
parallel  position .  Notable  localities  for  its  occurrence  are  at  Roznau, 
Moravia;  St.  Michael's  Mount,  Cornwall;  western  Maine  at  Hebron, 
Auburn,  Norway,  Paris,  Rumford;  Chesterfield,  Massachusetts;  San 
Diego  County,  California. 
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OM.    Derived  from  a  Greek  word  metuiing  scale. 
>.    A. source  of  lithium  compounds. 

Biotite. 

mposition.     (H,K),(Mg,Fe)itAl,(Si04),. 
mtallization.    Monoclinic.    In  tabular  or  short  prismatic 
ils  with  prominent  basal  planes.    Crystals  rare,  frequently 
lorhombohedral. 

ucture.  Usually  in  irregular  foliated  masses;  often  in  dis- 
lated  scales  or  in  scaly  aggregates. 

fsical  PropertiM.  Perfect  basal  cleavage.  Folia  flexible 
lastic.  H.=  2.5-5.  G.=  2.95-3.  Splendent  luster.  Color 
ly  dark  green  and  brown  to  black.  More  rarely  lighter 
V.  Thin  sheets  usually  have  a  smoky  color  (differing  from 
Imost  colorless  muscovite). 

Its.     Difficultly  fusible,  at  5.     Unattacked  by  hydrochloric 
Decomposed  by  boiling  concentrated  sulphuric  acid,  giv- 
milky  solution.    Characterized  by  its  micaceous  structure, 
ige  and  dark  color. 

^urrence.  An  importajit  and  widely  distributed  rock-making 
al,  but  not  as  common  as  muscovite.  Occurs  in  igneous  rocks, 
ally  those  in  which  feldspar  is  prominent,  such  as  granite  and 
e.  Found  also  in  many  felsite  lavas  and  porphyries.  Less 
on  in  the  ferromagnesium  rocks.  Is  also  present  in  some 
Qorphosed  rocks,  as  gneiss  and  schist.  Occurs  in  fine  crystals 
lavas  of  Vesuvius. 

Phlogopite. 

nposition.  A  magnesium  mica,  near  biotite,  but  contain- 
3  iron,  H2KMg8Al(Si04)8(?).  Usually  contains  about  3  per 
3f  fluorine.  i 

rstallization.  Monoclinic.  Usually  in  six-sided  plates  or 
pering  prismatic  crystals.     Crystals  frequently  large  and 

ucture.     In  crystals  or  foliated  masses. 

niical  Properties.    Perfect  basal  cleavage.     Folia  flexi- 

ad  elastic.     H.  =  2.5-3.    G.  =  2.86.    Luster  vitreous  to 
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pearly.  Color  yellowish  brown,  green,  white,  often  with  copper- 
like  reflections  from  the  cleavage  surface.  Transparent  in  thin 
sheets  to  opaque  in  the  mass. 

Tests.  Fusible  at  4.5-5.  Insoluble  in  hydrochloric  acid 
Decomposed  by  boiling  concentrated  sulphuric  acid,  giving  a 
milky  solution.  Characterized  by  its  micaceous  structure,  cleav- 
age and  yellowish  brown  color.  Told  from  muscovite  by  its 
decomposition  in  sulphuric  acid  and  from  biotite  by  its  lighter 
color.  But  it  is  impossible  to  draw  a  sharp  distinction  between 
biotite  and  phlogopite. 

Occurrence.  Occurs  as  a  product  of  metamorphism  in  crystalline 
magnesium  limestones  or  dolomitic  marble^.  Rarely  found  in  ig- 
neous rocks.  Notable  localities  are  in  Finland;  Sweden;  Campo- 
longo,  Switzerland;  Ceylon,  etc.  In  North  America,  found  chiefly 
in  Jefferson  and  St.  Lawrence  counties.  New  York;  at  North  and 
South  Burgess,  Ontario,  and  in  various  localities  in  Quebec,  Canada. 

Name.    Named  from  a  Gr.eek  word  meaning  firelike,  in  allu- 
sion to  its  color. 
Use.    Same  as  for  muscovite. 

Lepidomelane. 

A  mica,  that  may  be  regarded  as  a  variety  of  biotite,  characteriMd 
by  the  large  amount  of  ferric  iron  that  it  contains,  (H,K)jFe8(Fe,Al)r 
(Si04)6(?).  Monoclinic.  In  small  hexagonal-shaped  tables,  or  as 
an  aggregate  of  minute  scales.  Perfect  basal  cleavage.  H.  =  3. 
G.  =  3-3.2.  Adamantine  to  pearly  luster.  Color  black  to  green- 
ish black.  Opaque  or  translucent  in  very  thin  laminse.  Fuses  at 
4.5-5  to  a  magnetic  globule.  Decomposed  by  hydrochloric  acid. 
A  comparatively  rare  mineral,  found  chiefly  in  pegmatitic  granitefl 
and  syenites. 

CLINTONITE   QROUP. 

The  minerals  of  this  group  are  rare  species  that  lie  between 
the  true  micas  and  the  chlorites.  They  resemble  the  micas  in 
crystal  forms,  cleavage,  etc.,  but  differ  physically  in  that  their 
folia  are  brittle,  and  chemically  in  that  they  are  basic  in  char- 
acter. The  only  species  in  the  group  that  warrants  description 
is  margarite. 
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ICargarite. 

^  micaceous  mineral  with  the  composition  HsCaAliSiiOu.  Mono- 
lie  but  seldom  in  distinct  crystals.  Usually  in  foliated  aggregates, 
rfect  basal  cleavage.  H.  =  3.5-4.5  (harder  than  the  true  micas). 
«  3.05.  Luster  vitreous  to  pearly.  Color  pink,  white  and  gray, 
unslucent.  Folia  somewhat  brittle.  Fuses  at  4-4.5.  Unat- 
cked  by  acids.  Occurs  usually  with  corundum  and  apparently  as 
le  (^  its  alteration  products.  Found  in  this  way  with  the  emery 
iposits  of  Asia  Minor;  on  the  islands  of  the  Greek  archipelago;  at 
hester,  Massachusetts;  Chester  County,  Pennsylvania;  with  co- 
indum  deposits  in  North  Carolina,  etc. 

CHLORITE  GROUP. 

A  somewhat  ill-defined  group  of  closely  related  micaceous 
unerals  is  known  as  the  Chlorite  Group  or  as  the  chlorites. 
"hey  are  so  named  on  account  of  the  characteristic  green  color 
^t  they  show.  They  are  silicates  of  aluminium  with  magne- 
uni,  ferrous  iron  and  hydroxyl.  Ferric  iron  may  replace  the 
uminium  in  small  amount.  Chromium  and  manganese  may 
cur.  Calcium  and  the  alkalies,  which  are  characteristic  of 
e  micas  proper,  are  practically  absent.  The  composition 
these  minerals  is  not  fully  understood.  Their  crystal  forms 
5  similar  to  those  of  the  micas  and  they  show  a  perfect  basal 
avage.  Their  laminae,  however,  are  tough  and  inelastic, 
nochlore  is  the  most  common  member  of  the  group. 

Clinochlore.     Penninite. 

^ompoBition.  HgMg6Al2SisOi8.  See  above. 
TrsrBtallization.  Monoclinic.  In  six-sided  tabular  crystals, 
h  prominent  basal  planes.  Similar  in  habit  to  the  crystals 
the  mica  group,  but  distinct  crystals  rare.  Penninite  is 
udorhombohedral  in  symmetry,  otherwise  it  is  identical  with 
Lochlore. 

structure.     Usually  foliated  massive  or  in  aggregates  of 
aute  scales;  in  finely  disseminated  particles;  earthy. 
Physical  Properties.     Perfect  basal  cleavage.    Folia  flexible 
i    not   elastic.    H.  =  2-2.5.    G.  =  2.65-2.75.    Vitreous   to 
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white  precipitate  of  barium  sulphate.  Water  in  C.  T.  A  mineral oi 
secondary  origin,  occurring  in  cavities  of  basic  igneous  rocks,  asflo- 
ciated  with  other  zeolites,  calcite,  etc. 


Stilbite.     Desmine. 

Composition.     (Na2,Ca)Al2Si60i6.6H20. 
Crystallization.    Monoclinic.    Uniformly  in  cruciform  twins. 
Commonly  tabular  parallel  to  clinopinacoid.    Crys- 
tals usually  in  sheaflike  aggregates  (Fig.  338). 

Structure.  In  crystal  groups,  divergent  or  rel- 
ated. 

Physical  Properties.  Perfect  cleavage  parallel 
to  clinopinacoid.  H.  =  3.5-4.  G.  =  2.1-2.2.  Vit- 
reous luster;  pearly  on  clinopinacoid.  Color  white, 
yellow,  brown,  red.    Translucent. 

Tests.    Fuses  with  intumescence  at  3.     Decom- 
posed by  hydrochloric  acid  with  separation  of  silica 
but  without  the  formation  of  a  jelly.    Water  in 
*^*  C.  T.    Characterized  chiefly  by  its  cleavage,  pearly 

luster  on  the  cleavage  face  and  common  sheaflike  groups  of 
crystals. 

Occurrence.  A  mineral  of  secondary  origin  found  in  amygdaloidal 
cavities  in  basalts  and  related  rocks.  Found  associated  with  other 
zeolites,  calcite,  etc.  Notable  localities  for  its  occurrence  are  Poo- 
nah,  India;  IsleofSkye;  Faroer  Islands;  Kilpatrick,  Scotland;  Ice- 
land; Nova  Scotia. 

Name.     Derived  from  a  Greek  word  meaning  luster. 


Laumontite. 

A  zeolite  with  composition  H4CaAl2Si40i4.2H20.  Monoclinic. 
In  prismatic  crystals  with  oblique  terminations;  columnar.  Cleav- 
age parallel  to  prism  and  clinopinacoid.  H.  =  3.5-4.  G.  =  2.25- 
2.35.  Vitreous  to  pearly  luster.  Color  white  or  gray.  Alters  on 
exposure,  becoming  opaque  and  pulverulent.  Fusible  (2.5).  Gelat- 
inizes in  acids.  Water  in  C.  T.  Found  as  a  mineral  of  secondary 
origin  in  cavities  of  basic  igneous  rocks,  associated  with  other  wo- 
lites,  etc. 
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Chabazite. 

imposition.  Usually  corresponds  to  (Ca,Na2)Al2Si40i2.6H20 
*t  different  analyses  show  considerable  variation  from  this 
^ula,  so  that  the  composition  is  still  uncertain. 
C^tallization.  Hexagonal-rhombohedral.  Common  form 
the  simple  rhombohedron  r,  having  nearly  cubic  angles.  May 
ow  several  dififerent  rhombo- 
drops  (Fig.  339).  Often  in 
netration  twins. 
Itructure.     Usually  in  crys- 

9. 

Physical   Properties.     H.  = 

).    G.  =  2.05-2.15.    Vitreous 

ter.     Color    white,    yellow, 

ih-red.    Transparent  to  trans- 

ent.  ^•«-  33^- 

Tests.     Fuses  with  swelling  at  3.     Decomposed  by  hydro- 

oric  acid  with  the  separation  of  silica  but  without  the  for- 

tion  of  a  jelly.    Solution  after  filtering  off  silica  gives  pre- 

itate  of  aluminium  hydroxide  with  ammonia,  and  in  filtrate 

monium  carbonate  gives  white  precipitate  of  -calcium  carbo- 

te.    Gives  much  water  in  C.  T.    Recognized  usually  by  its 

'stals. 

3eeurrence.  A  mineral  of  secondary  origin  found  usually  with 
ler  zeolites,  lining  amygdaloidal  cavities  in  basalt.  Notable 
alities  for  its  occurrence  are  the  Faroer  Islands;  Greenland  and 
land;  the  Giant's  Causeway,  Ireland;  at  Aussig,  Bohemia;  in 
va  Scotia,  etc. 

Name.  Chabazite  is  derived  from  a  Greek  word  which  was 
ancient  name  for  a  stone. 

Gmdinite,  (Naj,Ca)Al2Si40i2.6H20,  is  closely  related  to  chaba- 
e  but  rarer  in  occurrence. 

Analcite. 

Ckunposition.  Hydrous  sodium-aluminium  metasilicate, 
AlSixOe.HsG  =  Silica  54.5,  alumina  23.2,  soda  14.1,  water 
.     Note  similarity  in  composition  to  leucite,  KAlSi206. 
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CiTiUIUzstion.  iBometric.  Usually  in  trapezohedrowffifr  I 
340).  Cubes  with  trapezohedral  truncations  also  koown  {H  I 
341). 


Fig.  341. 


Fig.  340. 

Structure.     Usually  Id  crystals,  also  massive  granular. 

Pbysicil  PropertiM.  H.  =  5-5.5.  G.  =  2.27.  Vitreous  lus- 
ter.    Colorless  or  white.     Transparent  to  nearly  opaque. 

Testa.  Fusible  at  3.5,  becoming  first  opaque  and  then  a  cleu 
glass.  Colors  the  flame  yellow  (sodium).  Decomposed  by  hy- 
drochloric acid  with  the  separation  of  silica  without  the  forma- 
tion of  a  jelly.  Gives  water  in  C.  T.  Usually  recognized  by  ite 
crystals  and  its  vitreous  luster. 

Occurrence.  Commonly  a  secondary  mineral,  formed  by  th 
action  of  hot  circulating  waters,  and  ia  to  be  found  deposited  in  tJ« 
cavities  of  igneous  and  especially  volcanic  tocks.  Associated  will 
calcite,  and  various  zeoliteH  and  related  minerals.  Fine  crystali 
found  at  Bergen  Hill,  New  Jersey;  in  the  Lake  Superior  coppe 
district;  at  Table  Mountain,  near  Golden,  Colorado;  at  Cap 
Ulumidon,  Nova  Scotia;  in  the  Cyclopean  Islands  near  Sicily;  ii 
the  Fassathal,  Tyrol;  on  the  Fikroer  Islands;  in  Iceland. 

Name.  Derived  from  a  Greek  word  meaning  weak,  in  allumoi 
to  its  weak  electric  power  when  heated  or  rubbed. 

Natrolite. 
Composition.     Na:Al2SitOiD.2HiO.     A  zeohte. 
Crystallization.      Orthorhombic.      Crystals  usually  slendt 

prismatic,  often  acicular.  Prism  zone  vertically  striated.  Somi 
times  terminated  by  low  pyramid.  Crystals  often  appear  1 
be  tetragonal  in  symmetry.    Sometimes  in  cruciform  twine. 
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'^oi      ■^''^cture.    Usually  in  radiating  crystal  groups  (see  Fig.  C, 
'^'  ^);  also  fibrous,  massive,  granular  or  compact. 
I    ^byiieal  PropertiM.    Perfect  prismatic  cleavage.    H.  =  5-5.5. 
]^     ,  •  *  2.25.    Vitreous  luster.    Colorless  or  white.    Sometimes 
^  jf     *ioted  yellow  to  red.    Transparent  to  translucent. 
'   '        ^tHi.    Easily  fusible  (2.5)  to  a  clear,  transparent  glass  giving 
'       *  yellow  (sodium)  flame.    Water  in  C.  T.    Soluble  in  hydro- 
^^ric  acid   and  gelatinizes  upon  evaporation.    Recognized 
^hiefly  by  its  radiating  crystals. 

I  Oeeurrence.  A  mineral  of  secondary  origin,  found  lining  amygda- 
^^^fdal  cavities  in  basalt,  etc.  Associated  with  other  zeolites,  calcite, 
^|te.  Notable  localities  for  its  occurrence  are  Aussig  and  Teplitz, 
'Bohemia;  Puy  de  Dome,  France;  Fassathal,  Tyrol;  Kapnik,  Hun- 
%U7;  in  various  places  in  Nova  Scotia;  Bergen  Hill,  New  Jersey; 
^ioppeir  district.  Lake  Superior. 

Scolecite. 

A  zeolite  with  composition  CaAlsSi«Oio.3H20.  Monoclinic.  In 
flleoder  prismatic,  twinned  crystals.  In  radiating  groups.  Some- 
times fibrous.  Prismatic  cleavage.  H.  =  5-5.5.  G.  =  2.16-2.4. 
Vitreous  luster;  silky  when  fibrous.  Colorless  or  white.  Trans- 
parent to  almost  opaque.  Fuses  at  2.5  to  a  voluminous  frothy  slag. 
Gelatinizes  in  acids.  Water  in  C.  T.  A  mineral  of  secondary  origin, 
found  lining  cavities  in  basic  igneous  rocks,  associated  with  other 
seolites,  etc. 

Thomsonite. 

A  zeolite,  having  the  composition  (Na2Ca)Al2(Si04)2.2iH20. 
Orthoriiombio  but  distinct  crsrstals  rare.  Commonly  columnar 
with  radiated  structure.  Perfect  pinacoidal  cleavage.  H.  =  5-5.5. 
G.  =■  2.^2.4.  Vitreous  luster.  Colorless,  white,  gray.  Transparent 
ko  translucent.  Fuses  with  intumescence  at  2-2.5.  Soluble  and 
gelatinizes  in  acids.  Much  water  in  C.  T.  Occurs  in  amygdaloidal 
cavitieB  in  basalt,  etc.,  associated  with  other  zeolites. 

BaCA  DIVISION. 

BaCA  GROUP. 

The  micas  form  a  series  of  complex  silicates  of  aluminium  with 
potassium  and  hydrogen,  also  often  magnesium,  ferrous  iron, 
and  in  some  varieties,  sodium,  lithium,  ferric  iron.  More  rarely 
manganese,  chromium,  barium,  fluorine  and  titanium  are  present 


272 


MANUAL  OF  MINERALOGY 


in  small  amounts.  The  compoention  of  many  of  the  nucas  is 
not  definitely  understood  and  the  formulas  assigned  to  tbeia 
are  only  approximate. 

They  crystallize  in  the  monoclinic  system  but  with  an  anal 
inclination  of  practically  90°,  so  that  their  monodinic  sym- 
metry is  not  clearly  seen.  The  crystals  are  usually  tabular  ^ 
prominent  basal  planes,  and  have  either  a  diamond-  or  hexagonal- 
shaped  outline  with  angles  of  60°  and  120°.  The  crystals,  as  a 
rule,  therefore,  appear  to  be  either  orthorhombic  or  hexagonal 
in  their  symmetry.  They  are  all  characterized  by  a  very  perfect 
basal  cleavage. 

They  form  an  isomorphous  series,  and  various  gradations 
between  the  different  members  occur.  Their  isomorphism  is 
further  indicated  by  two  members  of  the  group  frequently 
crystallizing  together,  with  a  parallel  position,  in  the  same 
crystal  plate.  Biotite  occurs  crystallizing  in  this  way  with 
muscovite,  and  muscovite  with  lepidolite,  etc. 

The  important  members  of  the  group  follow: 

Muscovite,       H2KAl3(Si04)8. 
Lepidolite,       KLi[A1.2(OH,F)]Al(SiO,),. 
Biotite,  (H,K)2(Mg,Fe)^2(Si04)». 

Phlogopite,       HaKMgsAKSiO*),? 
Lepidomelane,  (H,K)2Fe,(Fe,Al)  4(8100 «? 


i>^' 


■^  - 


Muscovite.     Common  Mica. 

Composition.  H2KAl3(Si04)i.  Contains  also  frequently  small 
amounts  of  ferrous  and  ferric  iron,  magnesium,  calcium,  sodium, 
lithium,  fluorine,  titanium,  etc. 

Crystallization.  Monoclinic  with  axial  angle  nearly  90°. 
Occurs  in  tabular  crystals  with  prominent  base.  The  pres- 
ence of  prism  faces  having  angles  of  60°  and  120°  with  each 
other  gives  the  plates  a  diamond-shaped  outUne,  making  them 
simulate  orthorhombic  symmetry.  If  the  clinopinacoid  faces 
are  also  present,  the  crystals  become  hexagonal  in  outline  with 
apparently  hexagonal  synmietry.  The  prism  faces  are  roughened 
by  horizontal  striations  and  frequently  taper. 
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Htrueture.  Foliated  in  large  to  small  sheets;  in  scales  which 
^  sometimes  aggregated  into  plumose  or  globular  forms.  Dis- 
*^ct  crystals  comparatively  rare. 

H|jBical  Properties.  Extremely  perfect  cleavage  parallel  to 
*^^ae,  allowing  the  mineral  to  be  split  into  excessively  thin  sheets. 
*oBa  flexible  and  elastic.  H.  =  2-2.5.  G.  =  2.7^3.  Vitre- 
plB  to  silky  or  pearly  luster.  Transparent  and  almost  colorless 
^  thin  sheets.  In  thicker  blocks,  opaque  with  light  shades  of 
fckrown  and  green.  May  be  yellow  to  white.  Some  crystals  are 
ttanslucent  when  viewed  perpendicular  to  the  prism  zone  but 
:^paque  in  a  direction  perpendicular  to  the  base. 

Taste.  Fusible  at  4.5-5.  Unattacked  by  boiling  hydro- 
shloric  or  sulphuric  acids.  Characterized  by  its  micaceous 
ifcnieture  and  light  color.  Told  from  phlogopite  by  its  not  being 
lecomposed  in  sulphuric  acid  and  from  lepidolite  by  not  giving 
I  crimson  flame  B.  B. 

Occurrence.  A  widespread  and  very  conunon  rock-making  min- 
eral. Found  in  such  igneous  rocks  as  granite  and  syenite.  Espe- 
sially  characteristic  of  pegmatite  veins,  and  found  lining  cavities 
in  granites,  where  it  has  evidently  been  formed  by  the  action  of 
oiineralizing  Vapors  during  the  last  stages  of  the  formation  of  the 
rock.  Muscovite  is  chiefly  characteristic  of  the  deep-seated  igneous 
rocks,  and  is  not  found  in  the  recent  eruptive  rocks.  Also  very 
conmion  in  metamorphic  rocks,  as  gneiss  and  schist,  forming  the 
chief  constituent  in  certain  mica-schists.  In  some  schistose  rocks 
it  occurs  in  the  form  of  fibrous  aggregates  of  minute  scales  having  a 
silky  luster,  but  which  do  not  show  so  plainly  the  characters  of  the 
mineral.  This  variety  is  known  as  sericite,  and  is  usually  the  prod- 
uct of  alteration  of  feldspar.  Muscovite  also  originates,  as  the 
eJteration  product  of  several  other  minerals,  as  topaz,  cyanite, 
spodumene,  adalusite,  scapolite,  etc.  Pinite  is  a  name  given  to  the 
micaceous  alteration  product  of  various  minerals,  and  which  corre- 
sponds in  composition  more  or  less  closely  to  muscovite. 

In  the  pegmatite  veins,  muscovite  occurs  associated  with  quartz 
Emd  feldspar,  with  tourmaline,  beryl,  garnet,  apatite,  fluorite,  etc. 
It  is  found  often  in  these  veins  in  large  blocks,  which  are  at  times 
several  feet  across. 

Muscovite  is  found  in  the  United  States  in  commercial  deposits 
chiefly  in  the  Appalachian  and  Rocky  Mountain  regions.  The 
most  productive  pegmatite  veins  occur  in  North  Carolina,  mostly 
in  Mitchell,  Yancey,  Haywood,  Jackson  and  Macon  counties,  and 
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iL  tai«  'Smxt  Silfr  of  -^mnti  Ihiknxb..    •0£f  flns  imporUiice  are  the  |&> 
cKDosifr  n.  C.xkoisiiLi.  ^^Maaaaa^  um  ^nsphmi     MiBoovHe  has  been  |ji 
i2im«<.  n   Nfn*  ^flixipstiErt  Mamt  snE 'Gnmntidinit.    Large  deposits 
^T"  lounL  n.   '.JBUMJOL.  n.  ^tnf  iivwi^aTt  fc  QicutJie,  east  of  Ottawa, 
am.  n    i.   OKirrr.   u    Iik  «Ba:  ie  jjiftinhwr..     Ijatige  and  important 
cKiK>5i&  vimr  IL  IndiL.. 


AliiKcmiJU  wife^  «[>  c&lkid  irum  liip  popular  name  of  the 
Timtgnu  m  wmnvh^ioKi..  hecaoat  is  tsb  Jsat  as  a  substitute  for 
^vuss-  IL  IlussxL.     1/icc  wifeE  prmttkbilT  dflmred  from  the  Latin 

Ite.  T^ntiL  ciiifi^'  s^  mi  TTHmlminig  asatmil  in  the  manufac- 
zuT^  of  fiificnzical  igmgTgti&.  Tised  Jis  a  trmnsparrait  material 
wTTifriitfBs  jar  siuvf^  diiOTh,  IsTTwrift.  cqcl  Scn^  mica,  or  the 
vThSut  mbTusntl  JL  'Oit  maannMCEnre  <af  sboec  mka,  is  used  in  many 
wE}^.  &i  JL  -ntit  nuaimacTDare  m  ^v^lD  piQKis  to  gire  them  a  shiny 
lustfiT.  hi:  h  luisncsan  KiisL  ndsfd  wisjk  oils;  as  a  iioiicoDductor 
of  iiiiha  ikud  iti  ii  i:r^Br{Kj£mg  maseEriaL 


Lithia  noca.  KL5AL2(OHJ01Al(SiO,),. 
CiTstallizatuai.     MoDodimc.    CWstals    usuaDy     in    small 
pliiT.er  C'r  pnsms  -rtlL  bexaganal  outline. 
Stmctora.     CohhdobIt  in  coarse-  to  fine-grained  scaly  aggre- 

Physical  Propeitiea.  P^ect  basal  cleavage.  H.  =  2.M. 
G.  =  2.S.     Pearl V  lust^".    Color  pink  and  lilac  to  grayish  white. 

Translucent. 

Tests.  Easily  fusible  (2),  giving  a  crimson  flame  (lithium). 
IriiKiluble  in  acids.  Characterized  chiefly  by  its  micaceous 
structure  and  lilac  to  pink  color. 

Occurrence.  A  comparatively  rare  mineral,  found  in  pegmatite 
vffinH,  UHually  associated  with  pink  and  green  tourmaline,  cassiterite, 
urnhlygonitcj,  spodumene,  etc.  Often  intergrown  with  muscovite  in 
panillc'l  pDHition.  Notable  localities  for  its  occurrence  are  at  RozDau, 
Moravia;  St.  Michaers  Mount,  Cornwall;  western  Maine  at  Hebron, 
Atibtirn,  Norway,  Paris,  Rumford;  Chesterfield,  Massachusetts;  San 
Dio^o  (>ounty,  (California. 
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me.    Derived  from  a  Greek  word  meaning  scale, 
B.    A. source  of  lithium  compounds. 

Biotite. 

mpoBition.     (H,K),(Mg,Fe)^/U2(Si04),. 
^tallization.    Monoclinic.    In  tabular  or  short  prismatic 
als  with  prominent  basal  planes.    Crystals  rare,  frequently 
iorhombohedral. 

iicture.  Usually  in  irregular  foliated  masses;  often  in  dis- 
lated  scales  or  in  scaly  aggregates. 

ysical  Properties.  Perfect  basal  cleavage.  Folia  flexible 
jlafltic.  H.=  2.5-^.  G.=  2.95-3.  Splendent  luster.  Color 
ly  dark  green  and  brown  to  black.  More  rarely  lighter 
w.  Thin  sheets  usually  have  a  smoky  color  (differing  from 
Imost  colorless  muscovite). 

Bts.     DiflGicultly  fusible*  at  5.     Unattacked  by  hydrochloric 
Decomposed  by  boiling  concentrated  sulphuric  acid,  giv- 
milky  solution.    Characterized  by  its  micaceous  structure, 
age  and  dark  color. 

currence.  An  important  and  widely  distributed  rock-making 
itil,  but  not  as  common  as  muscovite.  Occurs  in  igneous  rocks, 
ially  those  in  which  feldspar  is  prominent,  such  as  granite  and 
te.  Found  also  in  many  felsite  lavas  and  porphyries.  Less 
ion  in  the  ferromagnesium  rocks.  Is  also  present  in  some 
morphosed  rocks,  as  gneiss  and  schist.  Occurs  in  fine  crystals 
5  lavas  of  Vesuvius. 

Phlogopite. 

mposition.    A  magnesium  mica,  near  biotite,  but  contain- 

0  iron,  H2KMg8Al(Si04)3(?).    Usually  contains  about  3  per 

of  fluorine."  i 

^tallization.     Monoclinic.     Usually  in  six-sided  plates  or 

pering  prismatic  crystals.    Crystals  frequently  large  and 

e. 

ucture.     In  crystals  or  foliated  masses. 

laical  Properties.    Perfect  basal  cleavage.     Folia  flexi- 

nd  elastic.    H.  =  2.5-3.    G.  =  2.86.    Luster  vitreous  to 
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WBrfv      ;.i4wr  ^/wtiuwim  :>covb.  greeo.  white,  often  with  copper- 
iki«  ^iftfiwtu^atf  TTQin  :ai^  -drnT^ge  smfsioe.     Tranaparent  in  tfam 

TMiiL  rxtftbk*  tf  4^x  TiMninhle  ia  h3rdiDchlonc  aesL 
Z)TCimip»Mv«i  rv^  Sniinc  nxkecosnsed  siiiphuric  add,  ghrmf  i 
nuikv  «mcu)ii.  /httRkrcteffoeii  br  its  micaceoua  Htnicture,  dssh 
jflur  ioti  -•filuwttia  7eown.  .nsior.  Tokl  from  muacovite  by  ite 
ieeompi,vttioii  ji  -stttgiusjn:  Moi  md  from  biotite  by  its  ligte 
.n^MT     rbis  .c  3»  mpiWHtNi^  to  iim.w  a  aharp  distmctaon  betwea 


>  Vvttes :»  A  onKhaef  of  metainorpluBm  in  crystBDioe 
nwicpHWMwa  imiwrtwniwi  oc  Wnmmr  Tnaihlwi  Rarely  f oinid  in  ig- 
:ww»  rt^rksL  \«jCa6ir  Joeftfecm  Jir  in  Finland;  3weden;  Campe- 
{»>«iijeox  Sw^fij^Haad;  Ovyiott*  rte.  In  North  America^  found  cMj 
:n  Jiflfifr^uA  juhi  :^.  Lawrvmn^  inMintiea.  Xew  York;  at  North  aai 
South  B»utgem.  «>Eaanix  dUKfc  in  \'-anonB  ioealitieB  in  Quebec,  Caofldi> 


from  a  Gnek  word  mwuiing  JgreKfe,  in  ailu' 
^km  CO  tt»  vToior. 

Same  J3  fur  muwovice. 


A  mica«  chat  tnay  b^  rf^iardrd  »  a  variety  of  biotite,  cfaaracteriffd 
by  the  lante  amount  of  feme  inm  chat  it  contains,  (E[,K)xFei(Fe,ADr 
'9i04'>^?  .  MooorUnie.  In  smaQ  hexagonal-shaped  tables,  ortf 
an  afgreceate  of  minute  :<rales.  Perfect  baaal  deavage.  H.'3. 
G.  »  ^Z:2.  Aiianiantine  to  peariy  luster.  Color  black  to  grees- 
ish  black.  Opaque  or  translucent  in  very  thin  lamins.  Fuaes  at 
4.5-5  to  a  magnetic  globule.  Decomposed  by  hydrochloric  ted. 
A  comparatively  rare  mineral  found  chiefly  in  pegmatitie  puaba 
and  syenites. 


The  minerals  of  this  group  are  rare  apedes  that  lie  between 
the  true  micas  and  the  chlorites.  They  resemble  the  micas  in 
crystal  forms,  cleavage,  etc..  but  differ  ph3r9icany  in  that  their 
folia  are  brittle,  and  chemically  in  that  they  are  baac  in  char- 
acter. The  only  species  in  the  group  that  warrants  description 
is  margarite. 
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A.  micaceous  mineral  with  the  composition  HsCaAliSiiOis.  Mono- 
nic  but  seldom  in  distinct  crystals.  Usually  in  foliated  aggregates, 
arfect  basal  cleavage.  H.  =  3.5-4.5  (harder  than  the  true  micas). 
. »  3.05.  Luster  vitreous  to  pearly.  Color  pink,  white  and  gray, 
tanalucent.  Folia  somewhat  brittle.  Fuses  at  4-4.5.  Unat- 
icked  by  acids.  Occurs  usually  with  corundum  and  apparently  as 
ne  of  its  alteration  products.  Found  in  this  way  with  the  emery 
deposits  of  Asia  Minor;  on  the  islands  of  the  Greek  archipelago;  at 
tester,  Massachusetts;  Chester  County,  Pennsylvania;  with  co- 
undum  deposits  in  North  Carolina,  etc. 

CHLORITE  GROUP. 

A  somewhat  ill-defined  group  of  closely  related  micaceous 
ttiaerals  is  known  as  the  Chlorite  Group  or  as  the  chtorites, 
^ey  are  so  named  on  account  of  the  characteristic  green  color 
^t  they  show.  They  are  silicates  of  aluminium  with  magne- 
Um,  ferrous  iron  and  hydroxyl.  Ferric  iron  may  replace  the 
Uminium  in  small  amount.  Chromium  and  manganese  may 
'Cur.  Calcium  and  the  alkalies,  which  are  characteristic  of 
le  micas  proper,  are  practically  absent.     The  composition 

these  minerals  is  not  fully  understood.  Their  crystal  forms 
e  similar  to  those  of  the  micas  and  they  show  a  perfect  basal 
ravage.  Their  laminae,  however,  are  tough  and  inelastic, 
inochlore  is  the  most  common  member  of  the  group. 

Clinochlore.     Penninite. 

Composition.  EgMg^AUSisOig.  See  above. 
Crystallization.  Monoclinic.  In  six-sided  tabular  crystals, 
bh  prominent  basal  planes.  Similar  in  habit  to  the  crystals 
the  mica  group,  but  distinct  crystals  rare.  Penninite  is 
3udorhombohedral  in  symmetry,  otherwise  it  is  identical  with 
nochlore. 

Structure.     Usually  foliated  massive  or  in  aggregates  of 
Bute  scales;  in  finely  disseminated  particles;  earthy. 
Physical  Properties.     Perfect  basal  cleavage.     Folia  flexible 
t   not   elastic.    H.  =  2-2.5.    G.  =  2.65-2.75.    Vitreous   to 
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white  precipitate  of  barium  sulphate.  Water  in  C.  T.  A  mineral  of 
secoadary  origin,  occurring  in  cavities  of  basic  igneous  rocks,  asso- 
ciated with  other  zeolites,  calcite,  etc. 

Stilbite.     Desmine. 

Composition.     (Na2,Ca)AUSi60i6.6H20. 
Crystallization.    Monoclinic.    Uniformly  in  cruciform  twins. 
Commonly  tabular  parallel  to  clinopinacoid.    Crys- 
tals usually  in  sheaflike  aggregates  (Fig.  338). 

Structure.  In  crystal  groups,  divergent  or  radi- 
ated. 

Physical  Properties.  Perfect  cleavage  parallel 
to  clinopinacoid.  H.  =  3.5-4.  G.  =  2.1-2.2.  Vit- 
reous luster;  pearly  on  clinopinacoid.  Color  white, 
yellow,  brown,  red.    Translucent. 

Tests.  Fuses  with  intumescence  at  3.  Decom- 
posed by  hydrochloric  acid  with  separation  of  silica 
but  without  the  formation  of  a  jelly.  Water  in 
C.  T.  Characterized  chiefly  by  its  cleavage,  pearly 
luster  on  the  cleavage  face  and  common  sheaflike  groups  of 
crystals. 

Occurrence.  A  mineral  of  secondary  origin  found  in  amygdaloidBl 
cavities  in  basalts  and  related  rocks.  Found  associated  with  other 
zeolites,  calcite,  etc.  Notable  localities  for  its  occurrence  are  Poo- 
nah,  India;  IsleofSkye;  Faroer  Islands;  Kilpatrick,  Scotland;  Ice- 
land; Nova  Scotia. 

Name.     Derived  from  a  Greek  word  meaning  luster. 


Fig.  338. 


Laumontite. 

A  zeolite  with  composition  H4CaAl2Si40i4.2HjO.  Monoclinic- 
In  prismatic  crystals  with  oblique  terminations;  columnar.  Cleav- 
age parallel  to  prism  and  clinopinacoid.  H.  =  3.5-4.  G.  =  2.2^ 
2.35.  Vitreous  to  pearly  luster.  Color  white  or  gray.  Alters  on 
exposure,  becoming  opaque  and  pulverulent.  Fusible  (2.5).  Gelat- 
inizes in  acids.  Water  in  C.  T.  Found  as  a  mineral  of  secondary 
origin  in  cavities  of  basic  igneous  rocks,  associated  with  other  zeo- 
lites, etc. 
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Chabazite. 

lompoflition.  Usually  corresponds  to  (Ca,Na2)AlsSi40is.6H20 
different  analyses  show  considerable  variation  from  this 
nula,  so  that  the  composition  is  stili  uncertain. 
/ryBtallization.  Hexagonal-rhombohedral.  Common  form 
,he  simple  rhombohedron  r,  having  nearly  cubic  angles.  May 
»w  several  different  rhombo- 
Irops  (Fig.  339).  Often  in 
letration  twins. 
Itnicture.     Usually  in  crys- 

8. 

Phyiical  PropertiM.  H.  = 
5.  G.  =  2.05-2.15.  Vitreous 
iter.  Color  white,  yellow, 
sh-red.  Transparent  to  trans- 
ient. ^»«-  ^^^• 
TestB.  Fuses  with  swelling  at  3.  Decomposed  by  hydro- 
loric  acid  with  the  separation  of  silica  but  without  the  for- 
ation  of  a  jelly.  Solution  after  filtering  off  silica  gives  pre- 
pitate  of  aluminium  hydroxide  with  ammonia,  and  in  filtrate 
Qinonium  carbonate  gives  white  precipitate  of  -calcium  carbo- 
te.  Gives  much  water  in  C.  T.  Recognized  usually  by  its 
i^stals. 

Occurrence.  A  mineral  of  secondary  origin  found  usually  with 
ler  zeolites,  lining  amygdaloidal  cavities  in  basalt.  Notable 
alities  for  its  occurrence  are  the  Faroer  Islands;  Greenland  and 
land;  the  Giant's  Causeway,  Ireland;  at  Aussig,  Bohemia;  in 
va  Scotia,  etc. 

Kame.     Chabazite  is  derived  from  a  Greek  word  which  was 
ancient  name  for  a  stone. 

Gmelinite,  (Nai,Ca)Al2Si40i2.6H20,  is  closely  related  to  chaba- 
e  but  rarer  in  occurrence. 

Analcite. 

Ckunposition.  Hydrous  sodium-aluminium  metasilicate, 
iA]Sis06.HsO  =  Silica  54.5,  alumma  23.2,  soda  14.1,  water 
t.    Note  similarity  in  composition  to  leucite,  KAlSi206. 
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CiTitalllzatlon.  laoraetric.  Usually  in  trapezobediiwi(fi&  I 
340).  Cubes  with  trapezohedral  truncations  also  knowE  (?*  f 
341). 


Fig. 


FiK.  340. 

Structure.     Usually  in  crystals,  also  maasive  granular. 

Physical  Proportiea.  H.  =  5-5.5.  G.  =  2.27.  Vitreous  lus- 
ter.    Colorless  or  white.    Transparent  to  nearly  opaque. 

T«sta.  Fusible  at  3.5,  becoming  first  opaque  and  then  a  dor 
glass.  Colors  the  flame  yellow  (sodium).  Decomposed  by  1?- 
drochloric  acid  with  the  separation  of  alica  without  the  fomii- 
tion  of  a  jelly.  Gives  water  in  C.  T.  Usually  recognized  by  ha 
crystals  and  its  vitreous  luster. 

Occurrence.  Commonly  a  Becondary  mineral,  (onned  by  the 
action  of  liot  circulating  waters,  and  ie  to  be  found  deposited  in  the 
cavities  of  igneous  and  especially  volcanic  rocks.  A^ociated  witb 
calcite,  and  various  zeolites  and  related  minerals.  Fine  ciystala 
found  at  Bergen  Hill,  New  Jersey;  in  the  Lake  Superior  copper 
district;  at  Table  Mountain,  near  Golden,  Colorado;  at  Cape 
Ulomidon,  Nova  Scotia;  in  the  Cyclopean  lalaads  near  Sicily;  ia 
the  Fassathal,  Tyrol;  on  the  Faroer  Islands;  in  Iceland. 

Name.  Derived  from  a  Greek  word  meaning  weak,  in  aliuskai 
to  its  weak  electric  power  when  heated  or  nibbed. 

NatroUte. 

Composition.     NatAliSi]0,o.2H]0.    A  zeolite. 

CrTstallizfttlon.  Orthorhombic.  Crystals  ufiuaUy  slenda 
prismatic,  often  acicular.  Prism  zone  vertically  striated.  Some 
times  terminated  by  low  pyramid.  Crystals  often  appear  b 
be  tetragonal  in  symmetry.     Sometimes  in  cruciform  twins. 
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^cture.    Usually  in  radiating  crystal  groups  (see  Fig.  C, 

Q);  also  fibrous,  massive,  granular  or  compact. 

bysical  Properties.    Perfect  prismatic  cleavage.    H.  =  5-5.5. 

*  2.25.    Vitreous  luster.    Colorless  or  white.    Sometimes 

Bd  yellow  to  red.    Transparent  to  translucent. 

Mts.    Easily  fusible  (2.5)  to  a  clear,  transparent  glass  giving 

How  (sodium)  flame.    Water  in  C.  T.    Soluble  in  hydro- 

I'c  acid   and  gelatinizes  upoa  evaporation.    Recognized 

ly  by  its  radiating  crystals. 

currence.  A  mineral  of  secondary  origin,  found  lining  amygda- 
cavities  in  basalt,  etc.    Associated  with  other  zeolites,  calcite. 

Notable  localities  for  its  occurrence  are  Aussig  and  Teplitz, 

nia;  Puy  de  Dome,  France;  Fassathal,  Tyrol;  Kapnik,  Hun- 
in  various  places  in  Nova  Scotia;  Bergen  Hill,  New  Jersey; 

T  district,  Lake  Superior. 

Scolecite. 

seolite  with  composition  CaAl2Si«Oio.3H20.  Monoclinic.  In 
sr  prismatic,  twinned  crystals.  In  radiating  groups.  Some- 
fibrous.  Prismatic  cleavage.  H.  =  5-5.5.  G.  =  2.16-2.4. 
>us  luster;  silky  when  fibrous.  Colorless  or  white.  Trans- 
t  to  almost  opaque.  Fuses  at  2.5  to  a  voluminous  frothy  slag. 
inizes  in  acids.  Water  in  C.  T.  A  mineral  of  secondary  origin, 
.  lining  cavities  in  basic  igneous  rocks,  associated  with  other 

38,  ei/C. 

Thomsonite. 

zeolite,  having  the  composition  (Na2Ca)Al2(Si04)2.2iH20. 
•rhombic  but  distinct  crystals  rare.  Commonly  columnar 
radiated  structure.  Perfect  pinacoidal  cleavage.  H.  =  5-5.5. 
5.3-2.4.  Vitreous  luster.  Colorless,  white,  gray.  Transparent 
mslucent.  Fuses  with  intumescence  at  2-2.5.  Soluble  and 
nizes  in  acids.  Much  water  in  C.  T.  Occurs  in  amygdaloidal 
es  in  basalt,  etc.,  associated  with  other  zeolites. 

MICA  DIVISION. 

MICA  GROUP. 

e  micas  form  a  series  of  complex  silicates  of  aluminium  with 
8ium  and  hydrogen,  also  often  magnesium,  ferrous  iron, 
n  some  varieties,  sodium,  lithium,  ferric  iron.  More  rarely 
;anese,  chromium,  barium,  fluorine  and  titanium  are  present 
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in  small  amounts.  The  compoedtion  of  many  of  the  micas  is 
not  definitely  understood  and  the  formulas  assigned  to  tbem 
are  only  approximate. 

They  crystallize  in  the  monoclinic  system  but  with  an  anal 
inclination  of  practically  90°,  so  that  their  monoclinic  sym- 
metry is  not  clearly  seen.    The  crystals  are  usually  tabular  w^ 
prominent  basal  planes,  and  have  either  a  diamond-  or  hexagonal- 
shaped  outline  with  angles  of  60°  and  120°.    The  crystals,  as  a 
rule,  therefore,  appear  to  be  either  orthorhombic  or  hexagonal 
in  their  symmetry.    They  are  all  characterized  by  a  very  perfect 
basal  cleavage. 

They  form  an  isomorphous  series,  and  various  gradations 
between  the  different  members  occur.  Their  isomorphism  is 
further  indicated  by  two  members  of  the  group  frequently 
cr3rstallizing  together,  with  a  parallel  position,  in  the  same 
crystal  plate.  Biotite  occurs  crystallizing  in  this  way  with 
musco\dte,  and  muscovite  with  lepidolite,  etc. 

The  important  members  of  the  group  follow: 

Muscovite,       H2KAl3(Si04)8. 
LepidoUte,       KLi[A1.2(0H,F)]Al  (SiO,),. 
Biotite,  (H,K)a(Mg,Fe)^a(Si04),. 

Phlogopite,       H.KMgsAUSiOOa? 
Lepidomelane,  (H,K)aFe»(Fe,Al)4(Si04) «? 

Muscovite.     Common  Mica. 

Composition.  H2KAls(Si04)s.  Contains  also  frequently  small 
amounts  of  ferrous  and  ferric  iron,  magnesium,  calcium,  sodium, 
lithium,  fluorine,  titanium,  etc. 

Crystallization.  Monoclinic  with  axial  angle  nearly  90°. 
Occurs  in  tabular  crystals  with  prominent  base.  The  pres- 
ence of  prism  faces  having  angles  of  60°  and  120°  with  each 
other  gives  the  plates  a  diamond-shaped  outline,  making  them 
simulate  orthorhombic  symmetry.  If  the  clinopinacoid  face 
are  also  present,  the  crystals  become  hexagonal  in  outline  witl 
apparently  hexagonal  symmetry.  The  prism  faces  are  roughenet 
by  horizontal  striations  and  frequently  taper. 
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icture.  Foliated  in  large  to  small  sheets;  in  scales  which 
letimes  aggregated  into  plumose  or  globular  forms.  Dis- 
[ystals  comparatively  rare. 

ical  Properties.  Extremely  perfect  cleavage  parallel  to 
lowing  the  mineral  to  be  split  into  excessively  thin  sheets, 
exible  and  elastic.  H.  =  2-2.5.  G.  =  2.76-3.  Vitre- 
lilky  or  pearly  luster.  Transparent  and  almost  colorless 
sheets.  In  thicker  blocks,  opaque  with  light  shades  of 
ind  green.  May  be  yellow  to  white.  Some  crystals  are 
jent  when  viewed  perpendicular  to  the  prism  zone  but 
in  a  direction  perpendicular  to  the  base. 
.  Fusible  at  4.5-5,  Unattacked  by  boiling  hydro- 
or  sulphuric  acids.  Characterized  by  its  micaceous 
•e  and  light  color.  Told  from  phlogopite  by  its  not  being 
osed  in  sulphuric  acid  and  from  lepidolite  by  not  giving 
3n  flame  B.  B. 

rrence.  A  widespread  and  very  common  rock-making  min- 
'ound  in  such  igneous  rocks  as  granite  and  syenite.  Espe- 
laracteristic  of  pegmatite  veins,  and  found  lining  cavities 
tes,  where  it  has  evidently  been  formed  by  the  action  of 
izing  Vapors  during  the  last  stages  of  the  formation  of  the 
Vluscovite  is  chiefly  characteristic  of  the  deep-seated  igneous 
jid  is  not  foimd  in  the  recent  eruptive  rocks.  Also  very 
I  in  metamorphic  rocks,  as  gneiss  and  schist,  forming  the 
[istituent  in  certain  mica-schists.  In  some  schistose  rocks 
3  in  the  form  of  fibrous  aggregates  of  minute  scales  having  a 
iter,  but  which  do  not  show  so  plainly  the  characters  of  the 
This  variety  is  known  as  sericitej  and  is  usually  the  prod- 
alteration  of  feldspar.  Muscovite  also  originates,  as  the 
)n  product  of  several  other  minerals,  as  topaz,  cyanite, 
ene,  adalusite,  scapolite,  etc.  Pinite  is  a  name  given  to  the 
us  alteration  product  of  various  minerals,  and  which  corre- 
in  composition  more  or  less  closely  to  muscovite. 
e  pegmatite  veins,  muscovite  occurs  associated  with  quartz 
ispar,  with  tourmaline,  beryl,  garnet,  apatite,  fluorite,  etc. 
md  often  in  these  veins  in  large  blocks,  which  are  at  times 
feet  across. 

ovite  is  foimd  in  the  United  States  in  commercial  deposits 
in  the  Appalachian  and  Rocky  Moimtain  regions.  The 
txiuctive  pegmatite  veins  occur  in  North  Carolina,  mostly 
hell,  Yancey,  Haywood,  Jackson  and  Macon  counties,  and 
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in  the  Black  Hills  of  South  Dakota.  Of  less  importance  are  the  |^ 
deposits  in  Colorado,  Alabama  and  Virginia.  Muscovite  has  been 
minoil  in  New  Hampshire,  Maine  and  Connecticut.  Large  deposits 
are  found  in  Canada  in  the  township  of  Granville,  east  of  Ottawa, 
and  in  a  district  to  the  east  of  Quebec.  Large  and  important 
deposits  occur  in  India. 

Name.  Muscovite  was  so  called  from  the  popular  name  of  the 
mineral,  Muscom/'glasSf  because  of  its  use  as  a  substitute  for 
glass  iu  Russia.  Mica  was  probably  derived  from  the  Latin 
7nicar€,  meaning  to  shine. 

Use.  Used  chiefly  as  an  insulating  material  in  the  manufac- 
ture of  electrical  apparatus.  Used  as  a  transparent  material 
(isinglass)  for  stove  doors,  lanterns,  etc.  Scrap  mica,  or  the 
waste  material  in  the  manufacture  of  sheet  mica,  is  used  in  many 
ways,  as  in  the  manufacture  of  wall  papers  to  give  them  a  shiny 
luster;  as  a  lubricant  when  mixed  with  oils;  as  a  nonconductor 
of  heat  and  as  a  fireproofing  material. 

Lepidolite. 

Composition.     Lithia  mica,  KLi[A1.2(OH.F)]Al(SiO,),. 

Crystallization.  Monoclinic.  Crystals  usually  in  small 
plates  or  prisms  with  hexagonal  outline. 

Structure.  Commonly  in  coarse-  to  fine-grained  scaly  aggre- 
gates. 

Physical  Properties.  Perfect  basal  cleavage.  H.  =  2.5-4. 
G.  =  2.8.  Pearly  luster.  Color  pink  and  lilac  to  grayish  white. 
Translucent. 

Tests.  Easily  fusible  (2),  giving  a  crimson  flame  Qithium). 
Insoluble  in  acids.  Characterized  chiefly  by  its  micaceous 
structure  and  lilac  to  pink  color. 

Occurrence.  A  comparatively  rare  mineral,  found  in  pegmatite 
veins,  usually  associated  with  pink  and  green  tourmaline,  cassiterite, 
amblygonite,  spodumene,  etc.  Often  intergrown  with  muscovite  in 
parallel  position .  Notable  localities  for  its  occurrence  are  at  Roznau, 
Moravia;  St.  Michael's  Mount,  Cornwall;  western  Maine  at  Hebron, 
Auburn,  Norway,  Paris,  Rumford;  Chesterfield,  Massachusetts;  San 
Diego  County,  Cahfornia. 
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M.    Derived  from  a  Greek  word  meaning  scale, 
A. source  of  lithium  compounds. 

Biotite. 

ipoidtion.     (H,K),(Mg,Fe),Al,(Si04),. 
tallization.    Monoclinic.    In  tabular  or  short  prismatic 
8  with  prominent  basal  planes.    Crystals  rare,  frequently 
rhombohedral. 

cture.  Usually  in  irregular  foliated  masses;  often  in  dis- 
ted  scales  or  in  scaly  aggregates. 

deal  Properties.  Perfect  basal  cleavage.  Folia  flexible 
uBtic.  H.  =  2.5-J3.  G.  =  2.95-3.  Splendent  luster.  Color 
'  dark  green  and  brown  to  black.  More  rarely  lighter 
Thin  sheets  usually  have  a  smoky  color  (diiffering  from 
lost  colorless  muscovite). 

B.  Diflficultly  fusible*  at  5.  Unattacked  by  hydrochloric 
Decomposed  by  boiling  concentrated  sulphuric  acid,  giv- 
lilky  solution.  Characterized  by  its  micaceous  structure, 
^  and  dark  color. 

ixrence.  An  importaat  and  widely  distributed  rock-making 
,  but  not  as  common  as  muscovite.  Occurs  in  igneous  rocks, 
lly  those  in  which  feldspar  is  prominent,  such  as  granite  and 
Found  also  in  many  felsite  lavas  and  porphyries.  Less 
Q  in  the  ferromagnesium  rocks.  Is  also  present  in  some 
)rphosed  rocks,  as  gneiss  and  schist.  Occurs  in  fine  crystals 
avas  of  Vesuvius. 

Phlogopite. 

.position.    A  magnesium  mica,  near  biotite,  but  contain- 
iron,  H2KMg»Al(Si04)8(?).    Usually  contains  about  3  per 
fluorine.'  • 

taliization.  Monoclinic.  Usually  in  six-sided  plates  or 
jring  prismatic  crystals.    Crystals  frequently  large  and 

cture.     In  crystals  or  foliated  masses. 

ical  Properties.    Perfect  basal  cleavage.     Folia  flexi- 

i  elastic.    H.  =  2.5-3.    G.  =  2.86.    Luster  vitreous  to 
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pearly.  Color  yellowish  brown,  green,  white,  often  with  copper- 
like reflections  from  the  cleavage  surface.  Transparent  in  tlun 
sheets  to  opaque  in  the  mass. 

Tests.  Fusible  at  4.5-5.  Insoluble  in  hydrochloric  acid. 
Decomposed  by  boiling  concentrated  sulphuric  acid,  giving  a 
milky  solution.  Characterized  by  its  micaceous  structure,  cleav- 
age and  yellowish  brown  color.  Told  from  muscovite  by  its 
decomf>osition  in  sulphuric  acid  and  from  biotite  by  its  lighter 
color.  But  it  is  impossible  to  draw  a  sharp  distinction  between 
biotite  and  phlogopite. 

Occurrence.  Occurs  as  a  product  of  metamorphism  in  crystalline 
magnesium  limestones  or  dolomitic  marble^.  Rarely  found  in  ig- 
neous rocks.  Notable  localities  are  in  Finland;  Sweden;  Campo- 
longo,  Switzerland;  Ceylon,  etc.  In  North  America,  found  chiefly 
in  Jefferson  and  St.  Lawrence  counties,  New  York;  at  North  and 
South  Burgess,  Ontario,  and  in  various  locahties  in  Quebec,  Canada. 

Name.     Named  from  a  Gr.eek  word  meaning  firelike,  in  allu- 
sion to  its  color. 
Use.    Same  as  for  muscovite. 


Lepidomelane. 

A  mica,  that  may  be  regarded  as  a  variety  of  biotite,  characterized 
by  the  large  amount  of  ferric  iron  that  it  contains,  (H,K)jFej(Fe,Al)r 
(Si04)5(?).  Monoclinic.  In  small  hexagonal-shaped  tables,  or  as 
an  aggregate  of  minute  scales.  Perfect  basal  cleavage.  H.  =  3. 
G.  =  3-3.2.  Adamantine  to  pearly  luster.  Color  black  to  green- 
ish black.  Opaque  or  translucent  in  very  thin  laminae.  Fuses  at 
4.5-5  to  a  magnetic  globule.  Decomposed  by  hydrochloric  acid. 
A  comparatively  rare  mineral,  found  chiefly  in  pegmatitic  granites 
and  syenites. 

CUNTONITE   GROUP. 

The  minerals  of  this  group  are  rare  species  that  lie  between 
the  true  micas  and  the  chlorites.  They  resemble  the  micas  in 
crystal  forms,  cleavage,  etc.,  but  differ  physically  in  that  their 
folia  are  brittle,  and  chemically  in  that  they  are  basic  in  char- 
acter. The  only  species  in  the  group  that  warrants  description 
is  margarite. 
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Margarite. 

A  micaceous  mineral  with  the  composition  HsCaAUSisOis.  Mono- 
ilinic  but  seldom  in  distinct  crystals.  Usually  in  foliated  aggregates. 
Perfect  basal  cleavage.  H.  =  3.5-4.5  (harder  than  the  true  micas). 
J.  =  3.05.  Luster  vitreous  to  pearly.  Color  pink,  white  and  gray. 
IVanslucent.  Folia  somewhat  brittle.  Fuses  at  4-4.5.  Unat- 
^ftcked  by  acids.  Occurs  usually  with  corundum  and  apparently  as 
xie  of  its  alteration  products.  Found  in  this  way  with  the  emery 
iqxMnts  of  Asia  Minor;  on  the  islands  of  the  Greek  archipelago;  at 
tester,  Massachusetts;  Chester  County,  Pennsylvania;  with  co- 
iindimi  deposits  in  North  Carolina,  etc. 

CHLORITE  QROUP. 

A  somewhat  ill-defined  group  of  closely  related  micaceous 
kunerals  is  known  as  the  CfUonte  Group  or  as  the  chlorites. 
Phey  are  so  named  on  account  of  the  characteristic  green  color 
'hat  they  show.  They  are  silicates  of  aluminium  with  magne- 
ium,  ferrous  iron  and  hydroxyl.  Ferric  iron  may  replace  the 
iluminium  in  small  amount.  Chromium  and  manganese  may 
Kjcur.  Calcium  and  the  alkalies,  which  are  characteristic  of 
he  micas  proper,  are  practically  absent.  The  composition 
>f  these  minerals  is  not  fully  understood.  Their  crystal  forms 
ire  similar  to  those  of  the  micas  and  they  show  a  perfect  basal 
ileavage.  Their  laminse,  however,  are  tough  and  inelastic. 
]])linocblore  is  the  most  conunon  member  of  the  group. 

Clinochlore.     Penninite. 

Composition.    HgHg^AlzSisOis.    See  above. 

Crystallization.  Monoclinic.  In  six-sided  tabular  crystals, 
irith  prominent  basal  planes.  Similar  in  habit  to  the  crystals 
•f  the  mica  group,  but  distinct  crystals  rare.  Penninite  is 
(seudorhombohedral  in  symmetry,  otherwise  it  is  identical  with 
linochlore. 

Structure.  Usually  foliated  massive  or  in  aggregates  of 
ainute  scales;  in  finely  disseminated  particles;  earthy. 

Physical  Properties.  Perfect  basal  cleavage.  Folia  flexible 
lit    not   elastic.    H.  =  2-2.5.    G.  =  2.65-2.75.    Vitreous   to 
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white  precipitate  of  barium  sulphate.  Water  in  C.  T.  A  mineral  of 
secondary  origin,  occurring  in  cavities  of  basic  igneous  rocks,  asso- 
ciated with  other  zeolites,  calcite,  etc. 

Stilbite.     Desmine. 

Composition.     (Na4,Ca)Al,Si60i6.6H20. 
Crystallization.    Monociinic.    Uniformly  in  cruciform  twins. 
Commonly  tabular  parallel  to  cliaopinacoid.   Crys- 
tals usually  in  sheaflike  aggregates  (Fig.  338). 

Structure.  In  crystal  groups,  divergent  or  radi- 
ated. 

Physical  Properties.  Perfect  cleavage  parallel 
to  clinopinacoid.  H.  =  3.5-4.  G.  =  2.1-2.2.  Vitr 
reous  luster;  pearly  on  clinopinacoid.  Color  white, 
yellow,  brown,  red.    Translucent. 

Tests.  Fuses  with  intumescence  at  3.  Decom- 
posed by  hydrochloric  acid  with  separation  of  silica 
but  without  the  formation  of  a  jelly.  Water  in 
C.  T.  Characterized  chiefly  by  its  cleavage,  pearly 
luster  on  the  cleavage  face  and  common  sheaflike  groups  of 
crystals. 

Occurrence.  A  mineral  of  secondary  origin  found  in  amygdaloidal 
cavities  in  basalts  and  related  rocks.  Found  associated  with  other 
zeolites,  calcite,  etc.  Notable  localities  for  its  occurrence  are  Poo- 
nah,  India;  IsleofSkye;  Faroer  Islands;  Kilpatrick,  Scotland;  Ice- 
land; Nova  Scotia. 

Name.     Derived  from  a  Greek  word  meaning  luster. 


Fig.  338. 


Laumontite. 

A  zeolite  with  composition  H4CaAl2Si40i4.2H20.  Monociinic 
In  prismatic  crystals  with  oblique  terminations;  columnar.  Cleav- 
age parallel  to  prism  and  clinopinacoid.  H.  =  3.5-4.  G.  =  2.25- 
2.35.  Vitreous  to  pearly  luster.  Color  white  or  gray.  Alters  on 
exposure,  becoming  opaque  and  pulverulent.  Fusible  (2.5).  Gelat- 
inizes in  acids.  Water  in  C.  T.  Found  as  a  mineral  of  secondary 
origin  in  cavities  of  basic  igneous  rocks,  associated  with  other  mo- 
lites,  etc. 
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Chabazite. 

imposition.  Usually  correspoads  to  (Ca,Na2)Al2Si40is.6H20 
'  different  analyses  show  considerable  variation  from  this 
tuula,  so  that  the  composition  is  still  uncertain. 
^tallization.  Hexagonal-rhombohedral.  Common  form 
•he  simple  rhombohedron  r,  having  nearly  cubic  angles.  May 
w  several  different  rhombo- 
Irons  (Fig.  339).  Often  in 
letration  twins. 
Itructure.  Usually  in  crys- 
j. 

Physical  Properties.  H.  = 
I.  G.  =  2.05-2.15.  Vitreous 
ter.  Color  white,  yellow, 
ih-red.  Transparent  to  trans- 
ent.  ^»8-  339- 

Tests.  Fuses  with  swelling  at  3.  Decomposed  by  hydro- 
one  acid  with  the  separation  of  silica  but  without  the  for- 
ition  of  a  jelly.  Solution  after  filtering  off  siUca  gives  pre- 
itate  of  aluminium  hydroxide  with  ammonia,  and  in  filtrate 
tmonimn  carbonate  gives  white  precipitate  of  <}alcium  carbo- 
te.  Gives  much  water  in  C.  T.  Recognized  usually  by  its 
stals. 

Recurrence.  A  mineral  of  secondary  origin  found  usually  with 
er  zeolites,  lining  amygdaloidal  cavities  in  basalt.  Notable 
ilities  for  its  occurrence  are  the  Faroer  Islands;  Greenland  and 
land;  the  Giant's  Causeway,  Ireland;  at  Aussig,  Bohemia;  in 
v&  Scotia,  etc. 

fame.  Chabazite  is  derived  from  a  Greek  word  which  was 
ancient  name  for  a  stone. 

rmdinitef  (Nai,Ca)Al2Si40i2.6H20,  is  closely  related  to  chaba- 
I  but  rarer  in  occurrence. 

Analcite. 

/ompoBition.     Hydrous     sodium-aluminium     metasilicate, 
/USi206.H20  =  Silica  54.5,  alumina  23.2,  soda  14.1,  water 
Note  similarity  in  composition  to  leucite,  KAlSi206. 
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Ciyitallisation.  iBometric.  Usually  in  trapezobednns  (Fit  I 
340).  Cubes  with  trapezohedral  truncations  also  knowD  (Fig,  I 
341). 


Fit.  UD.  Fig.  t41. 

StructuTO.    Usually  in  crystals,  also  massive  grauular. 

Physic*!  PropertieB.  H.  =  5-5.5.  G.  =  2.27,  VitreouBliB- 
tcr.     Colorless  or  white.     TraDSparent  to  nearly  opaque. 

Tasta.  Fusible  at  3.5,  becoming  first  opaque  and  thenacleir 
glass.  Colors  the  flame  yellow  (sodium).  Decomposed  by  h'. 
droehloric  aeid  with  the  separation  of  silica  without  the  fornE- 
tion  of  a  jelly.  Gives  water  in  C.  T.  Usually  reci^nized  by  ii; 
crystals  and  its  vitreous  luster. 

Occuirencfl.  Commonly  a.  Becondary  mineral,  formed  by  t* 
action  of  liot  circulating  waters,  and  is  to  be  found  deposited  inlbr 
cavities  of  igneous  and  especially  volcanic  rocks.  Associated  witb 
calcite,  and  various  zeolites  and  related  minerals.  Fine  crysUls 
found  at  Bergen  Hill,  New  Jersey;  in  the  Lake  Superior  coppc 
district;  at  Table  Mountain,  near  Golden,  Colorado;  at  Ci.;* 
Hlomidon,  Nova  Scotia;  in  the  Cyclopean  Islands  near  Sicily;  io 
the  FuEsathal,  Tyrol;  on  the  Faroer  Islands;  in  Iceland. 

Name.  Derived  from  a  Greek  word  meaning  wetA,  in  a&asH" 
to  its  weak  electric  power  when  heated  or  rubbed. 

NatroUte. 

Composition.    Na«AI^i<Oio.2H^.    A  zeolite. 

CrTstallizatiou.  Orthorhombic,  Crystals  usually  sleniJi'' 
prismatic,  often  acieular.  Priam  zone  vertically  striated.  Son*- 
times  terminated  by  low  pyramid.  Crystals  often  appear  w 
be  tetragonal  in  symmetry.     Sometimes  in  cruciform  twine. 
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Btnieture.  Usually  in  radiating  crystal  groups  (see  Fig.  C, 
II);  also  fibrous,  massive,  granular  or  compact. 

^bysical  Properties.  Perfect  prismatic  cleavage.  H.  =  5-5.5. 
*=2.25.    Vitreous  luster.    Colorless  or  white.    Sometimes 

ited  yellow  to  red.    Transparent  to  translucent. 

^68tB.    Easily  fusible  (2.5)  to  a  clear,  transparent  glass  giving 

yellow  (sodium)  flame.    Water  in  C.  T.    Soluble  in  hydro- 

loric  acid   and  gelatinizes  upou  evaf>oration.    Recognized 

iefly  by  its  radiating  crystals. 

Oceurrence.  A  mineral  of  secondary  origin,  found  lining  amygda- 
dal  cavities  in  basalt,  etc.  Associated  with  other  zeolites,  calcite, 
'.  Notable  localities  for  its  occurrence  are  Aussig  and  Teplitz, 
►hernia;  Puy  de  Dome,  France;  Fassathal,  Tyrol;  Kapnik,  Hun- 
rjr;  in  various  places  in  Nova  Scotia;  Bergen  Hill,  New  Jersey; 
pper  district,  Lake  Superior. 

Scolecite. 

^  zeolite  with  composition  CaAl2Si«Oio.3H20.  Monoclinic.  In 
nder  prismatic,  twinned  crystals.  In  radiating  groups.  Some- 
Ms  fibrous.  Prismatic  cleavage.  H.  =  5-5.5.  G.  =  2.16-2.4. 
treous  luster;  silky  when  fibrous.  Colorless  or  white.  Trans- 
rent  to  almost  opaque.  Fuses  at  2.5  to  a  voluminous  frothy  slag, 
'latinizes  in  acids. "  Water  in  C.  T.  A  mineral  of  secondary  origin, 
ind  lining  cavities  in  basic  igneous  rocks,  associated  with  other 
elites,  etc. 

Thomsonite. 

i  zeolite,  having  the  composition  (Na2Ca)Al2(Si04)2.2iH20. 
iioriiombic  but  distinct  crystals  rare.  Commonly  columnar 
h  radiated  structure.  Perfect  pinacoidal  cleavage.  H.  =  5-5.5. 
*  2.3-2.4.  Vitreous  luster.  Colorless,  white,  gray.  Transparent 
translucent.  Fuses  with  intumescence  at  2-2.5.  Soluble  and 
itinizes  in  acids.  Much  water  in  C.  T.  Occurs  in  amygdaloidal 
ities  in  basalt,  etc.,  associated  with  other  zeolites. 

MICA  DIVISION. 
MICA  QROUP. 

lie  micas  form  a  series  of  complex  silicates  of  aluminium  with 

Eussium  and  hydrogen,  also  often  magnesium,  ferrous  iron, 

in  some  varieties,  sodium,  lithium,  ferric  iron.    More  rarely 

iganese,  chromium,  barium,  fluorine  and  titanium  are  present 
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in  small  amounts.    The  composition  of  many  of  the  mieas  is 
not  definitely  understood  and  the  f onnulas  assigned  to  tlK9i  ^2 
are  only  approximate. 

They  crystallize  in  the  monoclinic  system  but  with  an  axial 
inclination  of  practically  90^,  so  that  their  monoclinic  syn-  ^x 
metry  is  not  clearly  seen.  The  crystals  are  usually  tabular  witk 
prominent  basal  planes,  and  have  either  a  diamond-  or  hexagooal* 
shaped  outline  with  angles  of  60°  and  120**.  The  crystals,  as  a 
rule,  therefore,  appear  to  be  either  orthorhombic  or  hexagonal 
in  their  synmietry .  They  are  all  characterized  by  a  very  perfect 
basal  cleavage. 

They  form  an  isomorphous  series,  and  various  gradatiflM 
between  the  different  members  occur.  Their  isomorphism  is 
further  indicated  by  two  members  of  the  group  frequently 
crystallizing  together,  with  a  parallel  position,  in  the  same 
crystal  plate.  Biotite  occurs  crystallizing  in  this  way  with 
muscovite,  and  muscovite  with  lepidolite,  etc. 

The  important  members  of  the  group  follow: 

Muscovite,       H2KAl3(Si04),. 
Lepidolite,       KLi[A1.2(OH,F)]Al(SiO,),. 
Biotite,  (H,K),(Mg,Fe)^2(Si04),. 

Phlogopite,       HaKMgsAlCSiOO,? 
Lepidomelane,  (H,K)2Fe3(Fe,Al)4(Si04)8? 

Muscovite.     Common  Mica. 

Composition.  HaKAls(Si04)s.  Contains  also  frequently  small 
amounts  of  ferrous  and  ferric  iron,  magnesium,  calcium,  sodium, 
lithium,  fluorine,  titanium,  etc. 

Crystallization.  Monoclinic  with  axial  angle  nearly  9tf 
Occurs  in  tabular  crystals  with  prominent  base.  The  pre 
ence  of  prism  faces  having  angles  of  60®  and  120®  with  ea( 
other  gives  the  plates  a  diamond-shaped  outline,  making  the 
simulate  orthorhombic  symmetry.  If  the  clinopinacoid  fac 
are  also  present,  the  crystals  become  hexagonal  in  outline  wi 
apparently  hexagonal  symmetry.  The  prism  faces  are  roughen 
by  horizontal  striations  and  frequently  taper. 
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i>ure.  Foliated  in  large  to  small  sheets;  in  scales  which 
etimes  aggregated  into  plumose  or  globular  forms.  Dis- 
ystals  comparatively  rare. 

Leal  Properties.  Extremely  perfect  cleavage  parallel  to 
lowing  the  mineral  to  be  split  into  excessively  thin  sheets, 
lexible  and  elastic.  H.  =  2-2.5.  G.  =  2.76-3.  Vitre- 
silky  or  pearly  luster.    Transparent  and  almost  colorless 

sheets.  In  thicker  blocks,  opaque  with  light  shades  of 
Eind  green.  May  be  yellow  to  white.  Some  crystals  are 
cent  when  viewed  perpendicular  to  the  prism  zone  but 

in  a  direction  perpendicular  to  the  base. 
I.    Fusible   at   4.5-5.    Unattacked   by   boiling   hydro- 

or  sulphuric  acids.  Characterized  by  its  micaceous 
re  and  light  color.  Told  from  phlogopite  by  its  not  being 
>osed  in  sulphuric  acid  and  from  lepidolite  by  not  giving 
on  flame  B.  B. 

irrence.  A  widespread  and  very  common  rock-making  min- 
^'ound  in  such  igneous  rocks  as  granite  and  syenite.  Espe- 
haracteristic  of  pegmatite  veins,  and  found  lining  cavities 
ites,  where  it  has  evidently  been  formed  by  the  action  of 
izing  Vapors  during  the  last  stages  of  the  formation  of  the 
Muscovite  is  chiefly  characteristic  of  the  deep-seated  igneous 
ind  is  not  found  in  the  recent  eruptive  rocks.  Also  very 
1  in  metamorphic  rocks,  as  gneiss  and  schist,  forming  the 
nstituent  in  certain  mica-schists.  In  some  schistose  rocks 
s  in  the  form  of  fibrous  aggregates  of  minute  scales  having  a 
ster,  but  which  do  not  show  so  plainly  the  characters  of  the 
.  This  variety  is  known  as  sericitej  and  is  usually  the  prod- 
alteration  of  feldspar.  Muscovite  also  originates,  as  the 
3n  product  of  several  other  minerals,  as  topaz,  cyanite, 
ene,  adalusite,  scapolite,  etc.  Finite  is  a  name  given  to  the 
>us  alteration  product  of  various  minerals,  and  which  corre- 
in  composition  more  or  less  closely  to  muscovite. 
e  pegmatite  veins,  muscovite  occurs  associated  with  quartz 
Ispar,  with  tourmaline,  beryl,  garnet,  apatite,  fluorite,  etc. 
und  often  in  these  veins  in  large  blocks,  which  are  at  times 
feet  across. 

jovite  is  foimd  in  the  United  States  in  commercial  deposits 
in  the  Appalachian  and  Rocky  Moimtain  regions.  The 
roductive  pegmatite  veins  occur  in  North  Carolina,  mostly 
jhell,  Yancey,  Haywood,  Jackson  and  Macon  counties,  and 
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in  the  Black  Hills  of  South  Dakota.  Of  less  importance  are  tk 
deposits  in  Colorado,  Alabama  and  Virginia.  Muscovite  has  beea 
mined  in  New  Hampshire,  Maine  and  Connecticut.  Large  depositfl 
are  found  in  Canada  in  the  township  of  Grenville,  east  of  Ottawa, 
and  in  a  district  to  the  east  of  Quebec.  Large  and  important 
deposits  occur  in  India.  b 

Name.  Muscovite  was  so  called  from  the  popular  name  of  the 
mineral,  Muscovy-glass^  because  of  its  use  as  a  substitute  for 
glass  in  Russia.  Mica  was  probably  derived  from  the  Latin 
micarCy  meaning  to  shine. 

Use.  L'sed  chiefly  as  an  insulating  material  in  the  manufac- 
ture of  electrical  apparatus.  Used  as  a  transparent  material 
(isinglass)  for  stove  doors,  lanterns,  etc.  Scrap  mica,  or  the 
waste  material  in  the  manufacture  of  sheet  mica,  is  used  in  many 
ways,  as  in  the  manufacture  of  wall  papers  to  give  them  a  shiny 
luster;  as  a  lubricant  when  mixed  with  oils;  as  a  nonconductor 
of  heat  and  as  a  fireproofing  material. 

Lepidolite. 

Composition.     Lithia  mica,  KLi[A1.2(OH.F)]Al(SiO,),. 

Crystallization.  Monoclinic.  Crystals  usually  in  small 
plates  or  prisms  with  hexagonal  outline. 

Structure.  Commonly  in  coarse-  to  fine-grained  scaly  aggre- 
gates. 

Physical  Properties.  Perfect  basal  cleavage.  H.  =  2.5-4. 
G.  =  2.S.  Pearly  luster.  Color  pink  and  lilac  to  grayish  white. 
Translucent. 

Tests.  Easily  fusible  (2),  giving  a  crimson  flame  Qithium). 
Insoluble  in  acids.  Characterized  chiefly  by  its  micaceous 
structure  and  lilac  to  pink  color. 

Occiirrence.  A  comparatively  rare  mineral,  found  in  pegmatite 
veins,  usually  associated  with  pink  and  green  tourmaline,  cassiterite, 
amblygonite,  spodumene,  etc.  Often  intergrown  with  muscovite  in 
parallel  position .  Notable  localities  for  its  occurrence  are  at  Roznau, 
Moravia;  St.  Michael's  Mount,  Cornwall;  western  Maine  at  Hebron, 
Auburn,  Norway,  Paris,  Rumford;  Chesterfield,  Massachusetts;  San 
Diego  County,  California. 
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le.    Derived  from  a  Greek  word  metming  scale. 
A. source  of  lithium  compounds. 

Biotite. 

iposition.     (H,K),(Mg,Fe),Al,(Si04),. 

(tallization.     Monoclinic.    In  tabular  or  short  prismatic 

Is  with  prominent  basal  planes.    Crystals  rare,  frequently 

»rhombohedral. 

LCture.    Usually  in  irregular  foliated  masses;  often  in  dis- 

ited  scales  or  in  scaly  aggregates. 

Bical  Properties.    Perfect  basal  cleavage.     Folia  flexible 

ifltic.    H.  =  2.5-J3.   G.  =  2.95-3.    Splendent  luster.    Color 

r  dark  green  and  brown  to  black.     More  rarely  lighter 

.    Thin  sheets  usually  have  a  smoky  color  (differing  from 

nost  colorless  muscovite). 

s.    Diflficultly  fusible%at  5.     Unattacked  by  hydrochloric 

Decomposed  by  boiling  concentrated  sulphuric  acid,  giv- 

oilky  solution.    Characterized  by  its  micaceous  structure, 

je  and  dark  color. 

irrence.  An  importaat  and  widely  distributed  rock-making 
1,  but  not  as  common  as  muscovite.  Occurs  in  igneous  rocks, 
lly  those  in  which  feldspar  is  prominent,  such  as  granite  and 
.  Found  also  in  many  felsite  lavas  and  porphyries.  Less 
n  in  the  ferromagnesium  rocks.  Is  also  present  in  some 
orphosed  rocks,  as  gneiss  and  schist.  Occurs  in  fine  crystals 
lavas  of  Vesuvius. 

Phlogopite. 

iposition.  A  magnesium  mica,  near  biotite,  but  contain- 
iron,  H2KMg»Al(Si04)3(?).  Usually  contains  about  3  per 
:  fluorine.'  i 

itallization.  Monoclinic.  Usually  in  six-sided  plates  or 
Bring  prismatic  crystals.     Crystals  frequently  large  and 

cture.     In  crystals  or  foliated  masses. 

deal  Properties.    Perfect  basal  cleavage.     Folia  flexi- 

1  elastic.     H.  =  2.5-3.    G.  =  2.86.    Luster  vitreous  to 
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|H^rl>\  Cooler  yellowish  brown,  green,  white,  often  with  copper- 
liko  ri'tliH'tions  from  the  cleavage  surface.  Transparent  in  thin 
»luvt8  to  o|>aquo  in  the  mass. 

TMtt.  F\i8iblc  at  4.5-5.  Insoluble  in  hydrochkric  aoi 
l)tHH)m|H^Hl  by  boiling  concentrated  sulphuric  acid,  giTing  a 
milk^'  stolut  ion .  C^haraoterized  by  its  micaceous  structme,  dear- 
\\$}>  and  Yollowisli  brown  color.  Told  from  muacovite  by  its 
diHHun|HKHitioi\  in  sulphuric  acid  and  from  biotite  by  its  ligbter 
iH^or.  Hut  it  is  impossible  to  draw  a  sharp  distinction  between 
biotito  and  phlogopito. 

Ooourrtnoe.  Onsurs  as  a  product  of  metamorphism  in  crystallme 
n\tmiu>Aiun\  Utntt«tontM!i  or  dolomitic  marble^.  Rarely  found  in  ig- 
iuH»u««  r\H'k8.  Notable  localities  are  in  Finland;  Sweden;  Campo- 
louK^t.  Swituorlaiul;  Ceylon,  etc.  In  North  America,  found  diiefly 
iu  JofTorntin  tuul  St.  l^awrence  counties,  New  York;  at  North  and 
South  Huriti'e^,  Ontario,  and  in  various  locaUties  in  Quebec,  Canada. 

Name.     Namini  from  a  Grjeek  word  meaning  firdike^  in  allu- 
sion to  iti»  iH)lor. 
Use.    Samo  as  for  muscovite. 


Lepidomelane. 

.\  uiioa,  tliat  \\\\\y  be  regartied  as  a  variety  of  biotite,  characteriied 
by  tlio  larjte  amount  of  ferric  iron  that  it  contains,  (H,K)jFej(Fe,Al)r 
(SiCVil?^.  Monooliuio.  In  small  hexagonal-shaped  tables,  or  as 
an  ujtgrt^nivte  of  minute  scales.  Perfect  basal  cleavage.  H.  =  3. 
(^  -  ;K^.2.  .Vilaniantine  to  pearly  luster.  Color  black  to  green- 
ish bluok.  Opaque  or  translucent  in  very  thin  laminae.  Fuses  at 
4.5-5  to  a  magnetic  globule.  Decomposed  by  hydrochloric  acid. 
A  oomptvratively  rare  mineral,  found  chiefly  in  pegmatitic  granites 
and  syenites. 

CUNTONITB  GROUP. 

The  minerals  of  this  group  are  rare  species  that  lie  between 
the  true  micas  and  the  chlorites.  They  resemble  the  micas  in 
crystal  forms,  cleavage,  etc.,  but  differ  physically  in  that  their 
folia  are  brittle,  and  chemically  in  that  they  are  basic  in  char- 
acter. The  only  species  in  the  group  that  warrants  description 
is  margarite. 
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A  micaceous  mineral  with  the  composition  HsCaAUSiaOu.    Mono- 
cdinic  but  seldom  in  distinct  crystals.    Usually  in  foliated  aggregates. 
IPerfect  basal  cleavage.    H.  »  3.5-4.5  (harder  than  the  true  micas). 
Cy. »  3.05.    Luster  vitreous  to  pearly.    Color  pink,  white  and  gray. 
Traofilucent.    Folia   somewhat   brittle.    Fuses   at   4r^.5.    Unat- 
tacked  by  acids.    Occurs  usually  with  corundum  and  apparently  as 
one  of  its  alteration  products.    Found  in  this  way  with  the  emery 
f)q)oeit8  of  Asia  Minor;  on  the  islands  of  the  Greek  archipelago;  at 
Chester,  Massachusetts;  Chester  County,  Pennsylvania;  with  co- 
rundum deposits  in  North  Carolina,  etc. 

CHLORITE  QBOUP. 

A  somewhat  ill-defined  group  of  closely  related  micaceous 
Jninerals  is  known  as  the  Chlorite  Group  or  as  the  chlorites. 
They  are  so  named  on  account  of  the  characteristic  green  color 
that  they  show.    They  are  silicates  of  aluminium  with  magne- 
sium, ferrous  iron  and  hydroxyl.    Ferric  iron  may  replace  the 
Aluminium  in  small  amount.    Chromium  and  manganese  may 
^cur.     Calcium  and  the  alkalies,  which  are  characteristic  of 
*he  micas  proper,  are  practically  absent.     The  composition 
of  these  minerals  is  not  fully  understood.    Their  crystal  forms 
^re  similar  to  those  of  the  micas  and  they  show  a  perfect  basal 
cleavage.    Their  laminse,  however,   are  tough  and  inelastic. 
Olinochlore  is  the  most  conmion  member  of  the  group. 

Clinochlore.     Penninite. 

Compofdtion.    H8Mg^2Si80i8.    See  above. 

Crystallization.  Monoclinic.  In  six-sided  tabular  crystals, 
nth  prominent  basal  planes.  Similar  in  habit  to  the  crystals 
>f  the  mica  group,  but  distinct  crystals  rare.  Penninite  is 
)seudorhombohedral  in  symmetry,  otherwise  it  is  identical  with 
linochlore. 

Structure.  Usually  foliated  massive  or  in  aggregates  of 
uinute  scales;  in  finely  disseminated  particles;  earthy. 

Physical  Properties.  Perfect  basal  cleavage.  Folia  flexible 
ut   not   elastic.    H.  =  2-2.5.    G.  =  2.65-2.75.    Vitreous   to 
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white  precipitate  of  barium  sulphate.  Water  in  C.  T.  A  mineral  of 
secondary  origin,  occurring  in  cavities  of  basic  igneous  rocks,  asso- 
ciated with  other  zeolites,  calcite,  etc. 

Stilbite.     Desmine. 

Composition.     (Na2,Ca)AliSi60i6.6H20. 
Crystallization.    Monoclinic.    Uniformly  in  cruciform  twins. 
Commonly  tabular  parallel  to  clinopinacoid.    Crys- 
tals usually  in  sheaflike  aggregates  (Fig.  338). 

Structure.  In  crystal  groups,  divergent  or  radi- 
ated. 

Physical  Properties.  Perfect  cleavage  parallel 
to  clinopinacoid.  H.  =  3.5-4.  G.  =  2.1-2.2.  Tilr 
reous  luster;  pearly  on  clinopinacoid.  Color  white, 
yellow,  brown,  red.    Translucent. 

Tests.     Fuses  with  intumescence  at  3.    Decom- 
posed by  hydrochloric  acid  with  separation  of  silica 
but  without  the  formation  of  a  jelly.    Water  in 
Fig.  338.       ^  .p     Characterized  chiefly  by  its  cleavage,  pearly 
luster  on  the  cleavage  face  and  common  sheaflike  groups  of 
crystals. 

Occurrence.  A  mineral  of  secondary  origin  found  in  amygdaloid&l 
cavities  ia  basalts  and  related  rocks.  Found  associated  with  other 
zeolites,  calcite,  etc.  Notable  localities  for  its  occurrence  are  Poo- 
nah,  India;  IsleofSkye;  Faroer  Islands;  Kilpatrick,  Scotland;  Ice- 
land; Nova  Scotia. 

Name.     Derived  from  a  Greek  word  meaning  luster. 


Laumontite. 

A  zeolite  with  composition  H4CaAl2Si40i4.2H20.  Monoclinic. 
In  prismatic  crystals  with  oblique  terminations;  columnar.  Cleav- 
age parallel  to  prism  and  clinopinacoid.  H.  =  3.5-4.  G.  =  2.25- 
2.35.  Vitreous  to  pearly  luster.  Color  white  or  gray.  Alters  on 
exposure,  becoming  opaque  and  pulverulent.  Fusible  (2.5).  Gelat- 
inizes in  acids.  Water  in  C.  T.  Found  as  a  mineral  of  secondary 
origin  in  cavities  of  basic  igneous  rocks,  associated  with  other  zeo- 
lites, etc. 
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Chabazite. 

!)ompoBition.  Usually  corresponds  to  (Ca,Na3)AlsSi40is.6H20 

i  different  analyses  show  considerable  variation  from  this 

mula,  so  that  the  composition  is  still  uncertain. 

Crystallization.     HexagonaUrhombohedral.     Common  form 

iie  simple  rhombohedron  r,  having  nearly  cubic  angles.    May 

w  several  different  rhombo- 

irods  (Fig.  339).     Often  in 

letration  twins. 

Itnicture.     Usually  in  crys- 

j. 

Physical   Properties.     H.  = 

i.    G.  =  2.05-2.15.    Vitreous 

ter.     Color    white,    yellow, 

h-red.    Transparent  to  trans- 

2nt.  F«-  339. 

'ests.    Fuses  with  swelling  at  3.     Decomposed  by  hydro- 

3ric  acid  with  the  separation  of  silica  but  without  the  for- 

tion  of  a  jelly.    Solution  after  filtering  off  silica  gives  pre- 

itate  of  aluminium  hydroxide  with  ammonia,  and  in  filtrate 

monium  carbonate  gives  white  precipitate  of  calcium  carbo- 

«.    Gives  much  water  in  C.  T.    Recognized  usually  by  its 

stals. 

>ccurrence.  A  mineral  of  secondary  origin  found  usually  with 
er  zeolites,  lining  amygdaloidal  cavities  in  basalt.  Notable 
ilities  for  its  occuirence  are  the  Faroer  Islands;  Greenland  and 
land;  the  Giant's  Causeway,  Ireland;  at  Aussig,  Bohemia;  in 
vra  Scotia,  etc. 

faxne.  Chabazite  is  derived  from  a  Greek  word  which  was 
ancient  name  for  a  stone. 

imdinUe,  (Nai,Ca)Al2Si40i2.6H20,  is  closely  related  to  chaba- 
)  but  rarer  in  occurrence. 

Analcite. 

!k»inpoeition.     Hydrous     sodium-aluminium    metasilicate, 
AlSis06.HsO  =«  Silica  54.5,  alumina  23.2,  soda  14.1,  water 
Note  fflmilarity  in  composition  to  leucite,  KAlSi206. 
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CrTStKllizatioa.     Isometric.     Usually  in  trapezobeilroD8(f^ 

340).     Cubes  with  trapezohedral  truneationa  aUo  known  (f^ 
341), 


I 


FtK.  340.  Fig.  34L 

Structure.     Usually  in  crystals,  also  massive  grauulu. 

Physical  ProportieB.  H.  =  5-5.5.  G.  =  2.27.  Vitreous  b- 
ter.     Colorless  or  white.     Transparent  to  nearly  opaque. 

Tests.  Fusible  at  3.3,  becoming  first  opaque  and  then  aclra^ 
glass.  Colors  the  flame  yellow  (sodium).  Decomposed  by  b; 
drochlorie  acid  with  the  separation  of  silica  without  the  fonm- 
tion  of  a  jelly.  Gives  water  in  C.  T.  Usually  recognized  by  ii* 
crystals  and  its  vitreous  luster. 

Occurrence.  Commonly  a.  Becondary  mineral,  formed  by  iht 
action  of  hot  circulating  waters,  and  is  to  be  found  deposited  uithf 
cavities  of  igneous  and  especially  volcanic  rocks.  Aasociatcd  vW^ 
calcite,  and  various  zeolites  and  related  minerab.  Fine  crys\sb 
found  at  Bergen  HJU,  New  Jeiasy;  in  the  Lake  Superior  copiw 
district;  at  Table  Mountain,  near  Golden,  Colorado;  at  C»p* 
Blomidon,  Nova  Scotia;  in  the  Cyclopean  Islanda  near  Sicily;  ib 
the  Faaaathal,  Tyrol;  on  the  Faroer  Islanda;  in  Iceland. 

Name.  Derived  from  a  Greek  word  meaning  weak,  in  alloaw 
to  its  weak  electric  power  when  heated  or  rubbed. 

NatroUte. 

Compoaltion.     Na2Al2SiiOio.2HtO.    A  zeolite. 

Crystallization.  Orthorhombic.  Crystals  usually  slender 
prismatic,  often  acicular.  Prism  zone  vertically  striated.  Some- 
times terminated  by  low  pyramid.  Crystals  often  appear  lo 
be  tetragonal  in  symmetry.    Sometimes  in  cruciform  twins. 
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tructure.    Usually  in  radiating  crystal  groups  (see  Fig.  C, 

II);  also  fibrous,  massive,  granular  or  compact. 

hysical  Properties.    Perfect  prismatic  cleavage.    H.  =  5-5.5. 

==  2.25.    Vitreous  luster.    Colorless  or  white.    Sometimes 

ied  yellow  to  red.    Transparent  to  translucent. 

'estB.    Easily  fusible  (2.5)  to  a  clear,  transparent  glass  giving 

ellow  (sodium)  flame.    Water  in  C.  T.    Soluble  in  hydro- 

^ric  acid   and  gelatinizes  upon  evaporation.    Recognized 

sfly  by  its  radiating  crystals. 

KMnirrence.  A  mineral  of  secondary  origin,  foimd  lining  amygda- 
lal  cavities  in  basalt,  etc.  Associated  with  other  zeoUtes,  calcite, 
.  Notable  localities  for  its  occurrence  are  Aussig  and  Teplitz, 
lemia;  Puy  de  Dome,  France;  Fassathal,  Tyrol;  Kapnik,  Hun- 
y;  in  various  places  in  Nova  Scotia;  Bergen  Hill,  New  Jersey; 
per  district.  Lake  Superior. 

Scolecite. 

i  zeolite  with  composition  CaAl2SisOio.3H20.  Monoclinic.  In 
ider  prismatic,  twinned  crystals.  In  radiating  groups.  Some- 
es  fibrous.  Prismatic  cleavage.  H.  =  5-5.5.  G.  =  2.16-2.4. 
reous  luster;  silky  when  fibrous.  Colorless  or  white.  Trans- 
ent  to  almost  opaque.  Fuses  at  2.5  to  a  voluminous  frothy  slag, 
atinizea  in  acids. "  Water  in  C.  T.  A  mineral  of  secondary  origin, 
ad  lining  cavities  in  basic  igneous  rocks,  associated  with  other 
lites,  etc. 

Thomsonite. 

.  zeolite,  having  the  composition  (Na2Ca)Al2(Si04)2.2iH20. 
[loriiombic  but  distinct  crystals  rare.  Commonly  columnar 
I  radiated  structure.  Perfect  pinacoidal  cleavage.  H.  =  5-5.5. 
=  2.3-2.4.  Vitreous  luster.  Colorless,  white,  gray.  Transparent 
Tanslucent.  Fuses  with  intumescence  at  2-2.5.  Soluble  and 
tinizes  in  acids.  Much  water  in  C.  T.  Occurs  in  amygdaJoidal 
ties  in  basalt,  etc.,  associated  with  other  zeolites. 

MICA  DIVISION. 

MICA  QROUP. 

"he  micas  form  a  series  of  complex  silicates  of  aluminium  with 

•ussiiun  and  hydrogen,  also  often  magnesium,  ferrous  iron, 

in  some  varieties,  sodium,  lithium,  ferric  iron.    More  rarely 

iganese,  chromium,  barium,  fluorine  and  titanium  are  present 
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in  small  amounts.  The  compoflltion  of  many  of  the  nucas  is 
not  definitely  understood  and  the  formulas  assigned  to  them 
are  only  approximate. 

They  crystallize  in  the  monoclinic  system  but  with  an  axial 
inclination  of  practically  90°,  so  that  their  monodinic  sym- 
metry is  not  clearly  seen.  The  crystals  are  usually  tabular  with 
prominent  basal  planes,  and  have  either  a  diamond-  or  hexagonal- 
shaped  outline  with  angles  of  60°  and  120°.  The  crystals,  as  a 
rule,  therefore,  appear  to  be  either  orthorhombic  or  hejcagonal 
in  their  symmetry.  They  are  all  characterized  by  a  very  perfect 
basal  cleavage. 

They  form  an  isomorphous  series,  and  various  gradations 
between  the  different  members  occur.  Their  isomorphism  is 
further  indicated  by  two  members  of  the  group  frequently 
crystallizing  together,  with  a  parallel  position,  in  the  same 
crystal  plate.  Biotite  occurs  crystallizing  in  this  way  with 
muscovite,  and  muscovite  with  lepidolite,  etc. 

The  important  members  of  the  group  follow: 

Muscovitey       H2KAlj(Si04)8. 
Lepidolite,       KLi[A1.2(OH,F)]Al(SiO,),. 
Biotite,  (H,K)a(Mg,Fe)2Al2(Si04)s. 

Phhgopite,       H^KMgsAKSiO*),? 
Lepidomelaney  (H,K)2Fe8(Fe,Al)4(Si04)6? 

Muscovite.     Common  Mica. 

Composition.  H2KAl3(Si04)8.  Contains  also  frequently  small 
amounts  of  ferrous  and  ferric  iron,  magnesium,  calcium,  sodium, 
lithium,  fluorine,  titanium,  etc. 

Crystallization.  Monoclinic  with  axial  angle  nearly  90°- 
Occurs  in  tabular  crystals  with  prominent  base.  The  pres- 
ence of  prism  faces  having  angles  of  60°  and  120°  with  each 
other  gives  the  plates  a  diamond-shaped  outline,  making  them 
simulate  orthorhombic  symmetry.  If  the  clinopinacoid  faces 
are  also  present,  the  crystals  become  hexagonal  in  outline  with 
apparently  hexagonal  symmetry.  The  prism  faces  are  roughened 
by  horizontal  striations  and  frequently  taper. 
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ueture.  Foliated  in  large  to  small  sheets;  in  scales  which 
>metimes  aggregated  into  plumose  or  globular  forms.  Dis- 
crystals  comparatively  rare. 

^cal  Proi>6rtie8.  Extremely  perfect  cleavage  parallel  to 
allowing  the  mineral  to  be  split  into  excessively  thin  sheets, 
flexible  and  elastic.  H.  =  2-2.5.  G.  =  2.76-3.  Vitre- 
3  silky  or  pearly  luster.  Transparent  and  almost  colorless 
in  sheets.  In  thicker  blocks,  opaque  with  light  shades  of 
1  and  green.  May  be  yellow  to  white.  Some  crystals  are 
lucent  when  viewed  perpendicular  to  the  prism  zone  but 
le  in  a  direction  perpendicular  to  the  base. 
Kts.  Fusible  at  4.5-5.  Unattacked  by  boiling  hydro- 
c  or  sulphmic  acids.  Characterized  by  its  micaceous 
iure  and  light  color.  Told  from  phlogopite  by  its  not  being 
iposed  in  sulphuric  acid  and  from  lepidolite  by  not  giving 
ison  flame  B.  B. 

surrence.  A  widespread  and  very  common  rock-making  min- 
Found  in  such  igneous  rocks  as  granite  and  syenite.  Espe- 
characteristic  of  pegmatite  veins,  and  found  lining  cavities 
mites,  where  it  has  evidently  been  formed  by  the  action  of 
alizing  Vapors  during  the  last  stages  of  the  formation  of  the 
Muscovite  is  chiefly  characteristic  of  the  deep-seated  igneous 
and  is  not  found  in  the  recent  eruptive  rocks.  Also  very 
ion  in  metamorphic  rocks,  as  gneiss  and  schist,  forming  the 
[constituent  in  certain  mica-schists.  In  some  schistose  rocks 
urs  in  the  form  of  fibrous  aggregates  of  minute  scales  having  a 
luster,  but  which  do  not  show  so  plainly  the  characters  of  the 
al.  This  variety  is  known  as  sericite,  and  is  usually  the  prod- 
f  alteration  of  feldspar.  Muscovite  also  originates,  as  the 
tion  product  of  several  other  minerals,  as  topaz,  cyanite, 
mene,  adalusite,  scapolite,  etc.  Pintle  is  a  name  given  to  the 
eous  alteration  product  of  various  minerals,  and  which  corre- 
s  in  composition  more  or  less  closely  to  muscovite. 
the  pegmatite  veins,  muscovite  occurs  associated  with  quartz 
eldspar,  with  tourmaline,  beryl,  garnet,  apatite,  fluorite,  etc. 
found  often  in  these  veins  in  large  blocks,  which  are  at  times 
d  feet  across. 

iscovite  is  found  in  the  United  States  in  conmiercial  deposits 
Y  in  the  Appalachian  and  Rocky  Mountain  regions.  The 
productive  pegmatite  veins  occur  in  North  Carolina,  mostly 
itchell,  Yancey,  Haywood,  Jackson  and  Macon  counties,  and 
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in  the  Black  Hills  of  South  Dakota.  Of  loss  importance  are  the 
deposits  in  Colorado,  Alabama  and  Virginia.  Muscovite  has  been 
mined  in  New  Hampshire,  Maine  and  Connecticut.  Large  deposits 
are  found  in  Canada  in  the  township  of  Grenville,  east  of  Ottawa, 
and  in  a  district  to  the  east  of  Quebec.  Large  and  important 
deposits  occur  in  India. 

Name.  Muscovite  was  so  called  from  the  popular  name  of  the 
mineral,  Muscovy-glass,  because  of  its  use  as  a  substitute  for 
glass  in  Russia.  Mica  was  probably  derived  from  the  Latin 
micarCy  meaning  to  shine. 

Use.  Used  chiefly  as  an  insulating  material  in  the  manufac- 
ture of  electrical  apparatus.  Used  as  a  transparent  material 
(isinglass)  for  stove  doors,  lanterns,  etc.  Scrap  mica,  or  the 
waste  material  in  the  manufacture  of  sheet  mica,  is  used  in  many 
ways,  as  in  the  manufacture  of  wall  papers  to  give  them  a  shiny 
luster;  as  a  lubricant  when  mixed  with  oils;  as  a  nonconductor 
of  heat  and  as  a  fireproofing  material. 


Lepidolite. 

Composition.    Lithia  mica,  KLi[A1.2(OH.F)]Al(SiO«),. 

Crystallization.  Monoclinic.  Crystals  usually  in  small 
plates  or  prisms  with  hexagonal  outline. 

Structure.  Commonly  in  coarse-  to  fine-grained  scaly  aggre- 
gates. 

Physical  Properties.  Perfect  basal  cleavage.  H.  =  2.5-4. 
G.  =  2.8.  Pearly  luster.  Color  pink  and  lilac  to  grayish  white. 
Translucent. 

Tests.  Easily  fusible  (2),  giving  a  crimson  flame  (lithium). 
Insoluble  in  acids.  Characterized  chiefly  by  its  micaceous 
structure  and  lilac  to  pink  color. 

Occurrence.  A  comparatively  rare  mineral,  found  in  pegmatite 
veins,  usually  associated  with  pink  and  green  tourmaline,  cassiterite, 
amblygonite,  spodumene,  etc.  Often  intergrown  with  muscovite  in 
parallel  position .  Notable  localities  for  its  occurrence  are  at  Roznau, 
Moravia;  St.  Michael's  Mount,  Cornwall;  western  Maine  at  Hebron, 
Auburn,  Norway,  Paris,  Rumford;  Chesterfield,  Massachusetts;  San 
Diego  County,  California. 
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tne.    Derived  from  a  Greek  word  meitning  scale. 
K    A. source  of  lithium  compounds. 

Biotite. 

Enposition.     (H,K)2(Mg,Fe)2Al,(Si04)t. 
rstallisation.    Monoclinic.    In  tabular  or  short  prismatic 
ds  with  prominent  basal  planes.    Crystals  rare,  frequently 
iorhombohedral. 

ncture.  Usually  in  irregular  foliated  masses;  often  in  dis- 
lated  scales  or  in  scaly  aggregates. 

^sical  Properties.  Perfect  basal  cleavage.  Folia  flexible 
ilaetic.  H.=  2.5-j3.  G.=  2.95-3.  Splendent  luster.  Color 
ly  dark  green  and  brown  to  black.  More  rarely  lighter 
N,  Thin  sheets  usually  have  a  smoky  color  (differing  from 
imost  colorless  muscovite). 

Its.     Difficultly  fusible,  at  5.    Unattacked  by  hydrochloric 
Decomposed  by  boiling  concentrated  sulphuric  acid,  giv- 
milky  solution.    Characterized  by  its  micaceous  structure, 
age  and  dark  color. 

currence.  An  important  and  widely  distributed  rock-making 
"al,  but  not  as  commoa  as  muscovite.  Occurs  in  igneous  rocks, 
ially  those  in  which  feldspar  is  prominent,  such  as  granite  and 
te.  Found  also  in  many  felsite  lavas  and  porphyries.  Less 
ion  in  the  ferromagnesium  rocks.  Is  also  present  in  some 
norphosed  rocks,  as  gneiss  and  schist.  Occurs  in  fine  crystals 
5  lavas  of  Vesuvius. 

Phlogopite. 

mpoeition.    A  magnesium  mica,  ne£U*  biotite,  but  contain- 

o  iron,  HjKMgjAlCSiOOsC?).    Usually  contains  about  3  per 

of  fluorine.'  « 

pvtallization.     Monoclinic.     Usually  in  six-sided  plates  or 

pering  prismatic  crystals.    Crystals  frequently  large  and 

e. 

*ucture.     In  crystals  or  foliated  masses. 

ysical  Properties.    Perfect  basal  cleavage.     Folia  flexi- 

nd  elastic.    H.  =  2.5-3.    G.  =  2.86.    Luster  vitreous  to 
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lieiirly .  ^  olor  yeUowish  bcovn.  sreen.  viHie.  often  viKh  copper- 
Itke  r<HiecttoQ5  from  the  deam^e  maimot.  T^miH|HreBt  in  Uud 
•thetflii  to  opaque  in  the  nuuB. 

TMtt.  Futfible  at  4.o-o.  luoiobie  in  hiJiuciilotic  aoi 
t)<9eoiiipui$e«i  by  ^xMling  concentrated  sniphiirie  ackL  smngi 
milky  Mjluttou.  Characteriied  by  its  nucaeeous  stractme,  detT- 
^Mt*'  and  vellowiish  brown  color.  Told  from  nmacovite  \tf  ite 
«l<MH>m|MJHitson  in  sulphuric  add  and  from  biotite  by  its  figliter 
«>ior.  iSut  it  iis  impoasible  to  draw  a  sharp  <fistinction  between 
biotitc  mid  phlogopste. 

OoottlTMloe.  <'>ccurB  as  a  product  of  metamorphiBm  in  crystaOiDe 
iiiiMttimtutit  ItiiMiiitoneB  or  dolomitic  marbles.  Rardy  found  in  ig* 
iiiHMifi  liHikn.  Notable  localities  are  in  Finland;  Sweden;  Campo- 
loiigo,  Swttjserlaud;  Oylon,  etc.  In  N<»th  America,  found  diiefly 
III  JolTt^rmjii  {uid  St.  Lawrence  counties.  New  Ycvk;  at  North  and 
Stiuih  liurx^ffw,  Ontario,  and  in  various  localities  in  Quebec,  Canada. 

HaoM.     Nmucd  from  a  Greek  word  meaning  fireUke,  in  allu- 
iioa  to  iU(  color. 
Vi«,     Samu  at)  for  muscovite. 


Lopidomftlaiie> 

\  ituoti,  that  may  Iw  regarded  as  a  variety  of  biotite,  characteriied 
it.v  I  \w  laiKti  amount  uf  ferric  iron  that  it  contains,  (H,K)sFex(Fe^)r 
(SU)«)»^'K  MonucUnic.  In  small  hexagonal-shaped  tables,  or  as 
•ut  iiutt^-ttaio  of  minute  scales.  Perfect  basal  cleavage-  H.  =  3. 
I ;  -.»,«.;;.  Vdamantine  to  pearly  luster.  Color  black  to  green- 
talt  ttUM'k.  O|)tu)uo  or  translucent  in  very  thin  laminse.  Fuses  at 
i.;!  <i  (o  !«  maicnt^tic  globule.  Decomposed  by  hydrochloric  acid. 
\  «Himpamttvoly  rare  mineral,  found  chiefly  in  pegmatitic  granites 

CLDITOimi  QBOUP. 

TUo  !uiuomlt»  of  this  group  are  rare  species  that  lie  between 
tUt*  t  nn»  tuii'ai^  and  tho  ohlorites.  They  resemble  the  micas  in 
tTvsUl  foniw.  rU»avagi\  etc.,  but  differ  phjrsically  in  that  their 
folia  art«  brittle,  and  oheniically  in  that  they  are  basic  in  char- 
a(*ti*r.  The  only  species  in  the  group  that  warrants  deacriptioo 
is  margarite. 
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Margarite. 

A  micaceous  mineral  with  the  composition  HsCaAl4SiaOi2.  Mono- 
<lmic  but  seldom  in  distinct  crystals.  Usually  in  foliated  aggregates. 
Perfect  basal  cleavage.  H.  =  3.5-4.5  (harder  than  the  true  micas). 
G.  =8  3.05.  Luster  vitreous  to  pearly.  Color  pink,  white  and  gray. 
Ihnslucent.  Folia  somewhat  brittle.  Fuses  at  4r^.5.  Unat- 
Indeed  by  acids.  Occurs  usually  with  corundum  and  apparently  as 
^Jne  of  its  alteration  products.  Found  in  this  way  with  the  emery 
deposits  of  Asia  Minor;  on  the  islands  of  the  Greek  archipelago;  at 
(fester,  Massachusetts;  Chester  County,  Pennsylvania;  with  co- 
nmdum  deposits  in  North  Carolina,  etc. 

CHLORITE  QBOUP. 

A  somewhat  ill-defined  group  of  closely  related  micaceous 
Kiinerals  is  known  as  the  Chlorite  Group  or  as  the  chlorites. 
['hey  are  so  named  on  account  of  the  characteristic  green  color 
hat  they  show.  They  are  silicates  of  aluminium  with  magne- 
iuin,  ferrous  iron  and  hydroxyl.  Ferric  iron  may  replace  the 
luminium  in  small  amount.  Chromium  and  manganese  may 
•ccur.  Calcium  and  the  alkalies,  which  are  characteristic  of 
he  micas  proper,  are  practically  absent.  The  composition 
•f  these  minerals  is  not  fully  understood.  Their  crystal  forms 
re  similar  to  those  of  the  micas  and  they  show  a  perfect  basal 
leavage.  Their  laminse,  however,  are  tough  and  inelastic. 
]!liiiochlore  is  the  most  common  member  of  the  group. 

Clinochlore.     Penninite. 

Composition.    HsMg^iSisOig.    See  above. 

Crystallization.  Monoclinic.  In  six-sided  tabular  crystals, 
vith  prominent  basal  planes.  Similar  in  habit  to  the  crystals 
»f  the  mica  group,  but  distinct  crystals  rare.  Penninite  is 
)seudorhombohedral  in  symmetry,  otherwise  it  is  identical  with 
ilinochlore. 

Structure.  Usually  foliated  massive  or  in  aggregates  of 
ninute  scales;  in  finely  disseminated  particles;  earthy. 

Physical  Properties.  Perfect  basal  cleavage.  Folia  flexible 
)ut   not   elastic.    H.  =  2-2.5.    G.  =  2.65-2.75.    Vitreous   to 
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pearly  luster.     Color  green  of  various  shades.    Rarely  pak 
green,  yellow,  white,  rose-red.    Transparent  to  opaque. 

Tests.  Difficultly  fusible,  5-5.5.  Unattacked  by  hydro- 
chloric acid.  Decomposed  by  boiling  concentrated  sulphuric 
acid,  giving  a  milky  solution.  Characterized  by  its  green  color, 
micaceous  structure  and  cleavage  and  by  the  fact  that  the  folia 
are  not  elastic. 

Occurrence.  A  common  and  widespread  mineral,  always  of  sm- 
ondary  origin.  It  results  from  the  alteration  of  silicates  containing 
aluminium,  ferrous  iron  and  magnesium,  such  as  pyroxene,  amphi- 
bole,  biotite,  garnet,  vesuvianite,  etc.  To  be  found  where  rocks, 
containing  such  minerals,  are  undergoing  metamorphic  change. 
The  green  color  of  many  igneous  rocks  is  due  to  the  chlorite  into 
which  the  ferromagnesian  siUcates  have  altered.  The  green  color  of 
many  schists  and  slates  is  due  to  finely  disseminated  particles  of  the 
mineral. 

Name.  Chlorite  is  derived  from  a  Greek  word  meaning  green, 
in  allusion  to  the  common  color  of  the  mineral. 

Serpentine. 

Composition.  A  magnesium  silicate,  H^MgsSisOg = Silica  44.1, 
magnesia  43.0,  water  12.9.  Ferrous  iron  and  nickel  may  be 
present  in  small  amount. 

Crystallization.  Monoclinic  (optically).  Occurs,  however, 
only  in  pseudomorphic  crystals. 

Structure.  Often  in  delicate  fibers,  which  can  be  separated 
from  each  other  (see  Fig.  D,  pi.  II).  Usually  massive,  but 
microscopically  fibrous  and  felted. 

Physical  Properties.  H.  =  2.5-5,  usually  4.  G.  =  2.5-2.65. 
Luster  greasy,  waxlike  in  the  massive  varieties,  silky  when 
fibrous.  Color  olive  to  blackish  green,  yellowish  green,  white. 
Color  often  variegated,  showing  mottling  in  lighter  and  darker 
shades  of  green.    Translucent  to  opaque. 

Tests.  Infusible.  Decomposed  by  hydrochloric  acid  with  the 
separation  of  silica  but  without  the  formation  of  a  jelly.  Fil- 
tered solution,  after  being  oxidized  with  nitric  acid  and  having 
any  iron  precipitated  by  ammonium  hydroxide,  and  the  absence 
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of  calcium  proved  by  addition  of  ammonium  oxalate,  gives  a 
X^recipitate  of  ammonium-magnesium  phosphate  with  sodium 
phosphate.    Water  in  C.  T.    Recognized  by  its  variegated  green 
«olor  and  its  greasy  luster  or  by  its  fibrous  structure. 

Varieties.  In  Crystals,  Occurs  in  crystals  as  pseudomorphs 
«fter  various  magnesian  silicates,  principally  chrysoUte,  pyroxene, 
ittnphibole. 

Precious  Serpentine.  Massive,  translucent,  of  light  to 
dark  green  color.  Often  mixed  with  white  marble  and  shows 
beautiful  variegated  coloring.  Frequently  called  verd  antique 
marble. 

Ordinary  Serpentine,    Massive,  opaque,  of  various  shades  of 


ChrysotUe,  The  fibrous  asbestiform  variety,  which  is  to  be 
foimd  in  veins  traversing  the  massive  serpentine.  This  is  the 
asbestos  of  commerce  for  the  most  part. 

Occurrence.  A  commonminerai  and  widely  distributed.  Always 
as  an  alteration  product  of  some  magnesian  silicate,  especially  chryso- 
lite, also  pyroxene,  amphibole,  etc.  Frequently  associated  with 
tnagnesite,  chrysolite,  chromite,  etc.  Found  in  both  igheous  and 
tuetamorphic  rocks,  sometimes  in  disseminated  particles,  sometimes 
in  such  quantity  as  to  make  up  practically  the  entire  rock-mass. 
l^recious  serpentine  is  foimd  at  FaJun  and  Gulsjd,  Sweden;  Isle  of 
Man;  Ck)niwa]l,  etc.  The  fibrous  variety,  chrysotile,  comes  from  the 
Rovince  of  Quebec,  Canada,  just  north  of  the  Vermont  line;  from 
Vermont;  New  York;  New  Jersey;  Grand  Canyon,  Arizona,  etc. 

Name.  The  name  refers  to  the  green  serpentlike  cloudings 
of  the  massive  variety. 

Use.  The  variety  chrysotile  is  the  chief  source  of  asbestos. 
Fibrous  amphibole  (which  see)  is  also  used  for  the  same  purposes. 
The  uses  of  asbestos  depend  upon  its  fibrous,  flexible  structure, 
which  allows  it  to  be  woven  into  cloth,  felt,  etc.,  and  upon 
its  incombustibility  and  slow  conductivity  of  heat.  Asbestos 
products,  therefore,  are  used  for  fireproofing  and  as  an  insulating 
material  against  heat  and  electricity.  The  massive  mineral  is 
often  used  as  an  ornamental  stone  and  may  at  times  be  valuable 
as  building  material. 
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Genthite.    Gamierite. 

Nickel  silicates  of  uncertain  composition.  GerUkUe  contains  ma|> 
nesium,  NiaMgjSiaOio.eHjOC?) ;  Gamierite,  H,NiSi04(?).  Amorphoia, 
earthy  to  slightly  botryoidal  structure.  As  incrustations.  H.« 
3-4.  G.  =  2.2-2.8.  Earthy  and  dull  luster.  Color  apple^ 
to  white.  Infusible.  Difficultly  decomposed  by  hydrochloric  add, 
giving  separated  silica.  In  O.  F.  color  the  borax  bead  brown.  Ib 
C.  T.  blacken  and  give  water.  Genthite  found  with  chromiteai 
Texas,  Lancaster  County,  Pennsylvania.  Gamierite  occurs  in  coo* 
siderable  amount,  associated  with  serpentine  and  chromite,  Deir 
Noumea,  New  Caledonia,  and  serves  as  an  important  ore  of  nickd 

Talc.     Steatite.    Soapstone. 

Composition.  A  magnesium  silicate,  HsMgs(SiOt)4  =  Silica 
63.5,  magnesia  31.7,  water  4.8. 

Crystallization.  Monoclinic.  Crystals  rare.  Usually  tabu- 
lar with  rhombic  or  hexagonal  outline. 

Structure.  Foliated  massive;  sometimes  in  radiating  foliated 
groups.    Also  compact. 

Physical  Properties.  Perfect  basal  cleavage.  Thin  folia 
somewhat  flexible  but  not  elastic.  Sectile.  H.  =  1  (will  make 
a  mark  on  cloth).  G.  =  2.8.  Pearly  to  greasy] luster.  Color 
apple-green,  gray,  white;  in  soapstone  often  dark  gray  or  green. 
Translucent  to  opaque.    Greasy  feel. 

Tests.  Difficultly  fusible  (5).  Unattacked  by  acids.  Char- 
acterized by  its  micaceous  structure  and  cleavage,  by  its  softness 
and  greasy  feel.  To  be  distinguished  from  pyrophyllite  by 
moistening  a  fragment  with  cobalt  nitrate  and  heating  intensely; 
talc  will  assume  a  pale  violet  color,  pyrophyllite  a  blue  color. 

Varieties.  Foliated  Tak.  Light  green  or  white,  foliated,  with 
a  greasy  feel. 

Steatite  or  Soapstone.  Massive,  with  fine  granular  to  crypto- 
crystalline  structure.  Gray  to  dark  green  colors;  often  impure, 
through  the  presence  of  such  minerals  as  chlorite,  tremolite, 
mica,  etc. 

Psevdomorphous.  Is  frequently  pseudomorphous  after  such 
minerals  as  enstatite,  pyroxene,  amphibole,  chrysolite,  etc. 
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currence.  Talc  is  a  mineral  of  secondary  origin  formed  by 
Iteration  of  magnesium  silicates,  such  as  chrysolite,  enstatite, 
ene,  amphibole,  etc.  Found  at  times  in  the  igneous  rocks, 
se  of  the  alteration  of  such  silicates,  especially  in  peridotites 
jyroxenites.  Most  characteristically  found,  however,  in  the 
Qorphic  rocks,  where  it  may  form  as  soapstone,  practically  the 
rock-mass,  or  occur  as  a  prominent  constituent  in  the  schistose 

as  in  talc-schist.  In  the  United  States,  talc  or  soapstone 
68  are  to  be  found  chiefly  along  the  line  of  the  Appalachian 
tains,  the  mineral  being  produced  in  Vermont,  Massachusetts, 
5  Island,  New  York,  New  Jersey,  Pennsylvania,  Maryland, 
ia,  North  Carolina,  and  Georgia.  Important  deposits  are 
1  in  St.  Lawrence  Coimty,  New  York,  where  the  talc  occurs 
form  of  beds  of  schist  interstratified  with  limestones.  It  is 
ited  here  with  tremolite  and  enstatite,  from  masses  of  which 
evidently  been  derived.  Large  deposits  of  soapstone  occur  in 
ia  in  a  narrow  belt  running  from  Nelson  County  northeast 
Ibemarle  County.  It  occ\u«  here  in  sheets  sometimes  100  or 
eet  in  thickness.  There  is  a  long  series  of  talc  and  soapstone 
ts  in  Vermont,  located  along  the  east  side  of  the  Green  Moun- 

Talc  has  been  mined  in  considerable  quantity  in  Swain 
y,  North  Carolina. 

.  In  the  form  of  slabs,  soapstone  is  used  extensively  for 
tubs,  sinks,  table  tops,  electrical  switchboards,  hearth- 
,  furnace  linings,  etc.  An  especially  compact  variety  is 
or  the  tips  of  gas  burners,  for  tailors'  chalk,  slate  pencils, 
3  Chinese  for  carvings,  etc.  Talc  is  also  used  in  a  finely 
sred  form  as  a  filler  to  give  weight  to  paper,  as  a  lubricant, 
let  powders,  in  paints,  as  a  heat  insulator,  etc. 


Kaolin  or  Eaolinite. 

iposition.    An  aluminium  silicate,  H4Al2Si209 = Silica  46.5, 

la  39.5,  water  14. 

itallization.     Monoclinic.    In  very  minute,  thin,  rhombic 

agonal-shaped  plates. 

icture.     Usually  in  claylike  masses,  either  compact  or 

• 

Bical  Properties.    Perfect   basal  cleavage.    H.  =  2-2.5. 
2.6-2.63.    Luster   usually   dull   earthy;     crystal   plates 
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pearly.     Color  white.     Often  variously  colored  by  impurities. 
Usually  unctuous  and  plastic. 

Tests.  Infusible.  Insoluble.  Assumes  a  blue  color  when 
moistened  with  cobalt  nitrate  and  ignited  (aluminium).  Recog- 
nized usually  by  its  claylike  character. 

Occurrence.  Of  widespread  occurrence.  The  chief  constituent 
of  clay.  Always  a  mineral  of  secondary  origin,  being  derived  by  the 
alteration  of  aluminium  silicates,  particularly  feldspar.  It  is  found 
mixed  with  feldspar  in  rocks  that  are  undergoing  alteration;  at 
times  it  forms  entire  beds  where  such  alteration  has  been  carried  to 
completion.  As  one  of  the  common  products  of  the  decomposition 
of  rocks  it  gets  into  soils  and  being  transported  by  water  is  deposited, 
mixed  with  quartz  and  other  materials  in  lakes,  etc.,  in  the  form  of 
beds  of  clay. 

Name.  Kaolin  is  a  corruption  of  the  Chinese,  Kavling,  a 
locality  from  which  material  was  obtained  for  the  manufacture 
of  porcelain  and  which  was  thought  to  be  the  same  as  kaolin. 

Use.  Used  in  the  form  of  clay  in  making  all  kinds  of  pottery, 
stoneware,  bricks,  etc.  The  finer,  purer  grades  of  kaolin  are 
used  in  the  manufacture  of  porcelain,  china,  etc. 

Pyrophyllite. 

Composition.  HaAlaCSiO,)* = Silica  66.7,  alumina  28.3,  water 
5.0. 

Crystallization.    Monoclinic  (?).    Not  observed  in  crystals. 

Structure.  Foliated,  sometimes  in  radiating  lamellar  aggre- 
gates. Also  granular  to  compact.  Identical  with  talc  in  struc- 
ture and  appearance. 

Physical  Properties.  Perfe(;t  basal  cleavage.  Folia  some- 
what flexible  but  not  elastic.  H.  =  1-2  (will  make  a  mark  on 
cloth).  G.  =  2.8-2.9.  Pearly  to  greasy  luster.  Color  white, 
apple-green,  gray,  brown.    Usually  opaque.    Greasy  feel. 

Tests.  Infusible.  Unattacked  by  acids.  Characterized 
chiefly  by  its  micaceous  structure  and  cleavage,  its  softness  and 
greasy  feel.  Only  to  be  easily  distinguished  from  talc  by  mois- 
tening a  small  fragment  with  cobalt  nitrate  and  igniting,  when 
it  assumes  a  blue  color  (aluminium).  Talc  under  the  same 
conditions  would  become  pale  violet. 
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^urrenee.  A  comparatively  rare  species.  Found  in  meta- 
bic  rocks;  frequently  with  cyanite.  Occurs  in  considerable 
nt  in  Moore  and  Chatham  counties,  North  Carolina. 

>.  Quarried  in  North  Carolina  and  used  for  the  same  pur- 
as  talc.  It  does  not  command,  however,  as  high  a  price 
!  best  grades  of  .talc.  A  considerable  part  of  the  so-called 
Qiolitej  from  which  the  Chinese  carve  small  images,  is 
pecies. 

ChrysocoUa. 

aposition.    Hydrous  copper  silicate,  CuSi08.2H20  =  Silica 
lopper  oxide  45.2,  water  20.5.    Varies  considerably  in  com- 
)n  and  often  impure. 
icture«     Noncrystalline.    Massive  compact.    Sometimes 

r 

• 

vical  Properties.  H.  =  2-4.  G.  =  2.0-2.4.  Luster  vit- 
to  earthy.  Color  green  to  greenish  blue;  brown  to  black 
impure. 

t8.     Infusible.     Decomposed  by  hydrochloric  acid  with 
jparation  of  silica  but  without  the  formation  of  a  jelly. 
a  copper  globule  when  fused  with  sodium  carbonate  on 
)al.     In  C.  T.  darkens  and  gives  water. 

urrence.  A  comparatively  rare  mineral  occurring  in  the 
3d  zones  of  copper  veins.  Associated  with  malachite,  azurite, 
B,  native  copper,  etc.  Found  in  the  copper  districts  of  Arizona 
ew  Mexico. 

ne.    ChrysocoUa,  derived  from  two  Greek  words  meaning 

nd  glue,  whicH  was  the  name  of  a  similar  appearing  mate- 

)ed  to  solder  gold. 

u    A  minor  ore  of  copper. 

Titanite.     Sphene. 

npOBition.  Calcium  titano-silicate,  CaTiSiO 6 = Silica  30.6, 
tun  oxide  40.8,  lime  28.6.  Iron  is  usually  present  in  small 
nts. 

BtalliEation.     Monoclinic.     Crystals    varied     in     habit, 
with  prominent  basal  plane  which  is  steeply  inclined  and 
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which  in  combination  with  short  prism  and  p3rramid  faces  pv«i 
a  thin  wedge-shaped  crystal  (Figs.  342  and  343). 


Ill 


bn 


Fig.  342. 


Fig.  343. 


Structure.    Usually  crystallized  or  lamellar. 

Physical  Properties.  Prismatic  cleavage.  H.= 5-5.5.  G.= 
3.4-3.55.  Resinous  to  adamantine  luster.  Color  gray,  brown, 
green,  yellow,  black.    Transparent  to  opaque. 

Tests.  Fusible  at  4  with  slight  intumescence  to  a  dark  mass. 
Only  slightly  attacked  by  hydrochloric  acid.  Fused  with  sodium 
carbonate;  fusion  dissolved  in  hydrochloric  acid;  the  solution 
when  boiled  with  tin  gives  a  violet  color  (titanium). 

Occurrence.  A  rather  common  accessory  mineral  inigneousrocks, 
being  found  as  small  crystals  in  granites,  diorites,  syenites,  trachytes, 
phonolites,  etc.  Also  found  often  in  crystals  of  considerable  sia 
embedded  in  the  metamorphic  rocks,  gneiss,  chlorite-schist  and 
crystalline  limestone.  Very  commonly  associated  with  chlorite. 
Also  found  with  iron  ores,  pyroxene,  amphibole,  scapolite,  zircon, 
apatite,  feldspar,  quartz,  etc.  Notable  localities  for  its  occurrence 
in  crystals  are  Tavetsch,  St.  Gothard,  etc.,  Switzerland;  Ala,  Pied- 
mont; Sandford,  Maine;  Gouverneur,  Diana,  Rossie,  Fine,  Pitcaim, 
Edenville,  Brewster,  etc.,  in  New  York;  in  various  places  in  Ontario, 
Canada. 

Name.  Sphene  comes  from  a  Greek  word  meaning  wedge  in 
allusion  to  a  characteristic  development  of  the  crystals. 

Perovskite,  CaTiOs,  is  a  rare  isometric  titanate. 

NIOBATES  —  TANTALATES. 

Columbite — Tantalite. 

Composition.  A  niobate  and  tantalate  of  ferrous  iron  and 
manganese  (Fe,Mn)(Nb,Ta)206  which  varies  in  composition  from 
the  niobate,  columbite  (Fe,Mn)Nb206,  to  the  tantalate,  tantdO^ 


COLUMBITE  —  TANTALITE 
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Fig.  344. 


OiOe.  Often  contains  small  amounts  of  tin,  tungsten, 
ariety,  known  as  manganotantalite,  is  essentially  a 
vith  most  of  the  iron  re- 
manganese. 

ization.  Orthorhombic. 
crystals  is  short  prismatic; 
jquare  prisms  because  of 
development  of  the  verti- 
ids.  Terminated  by  basal 
ramids  and  domes;  fre- 
omplex  (Fig.  344).  At 
eart-shaped  contact  twins. 
re.  Crystallized  and  in  parallel  crystal  groups.  Also 
granular  massive. 

1  Properties.  H.  =  6.  G.  =  5.3-7.3,  varying  with 
•sition,  increasing  with  rise  in  percentage  of  tantalum 
3nt.    Submetallic  luster.    Color  iron-black,  frequently 

Streak  dark  red  to  black. 
Difficultly  fusible  (5-5.5).    Fused  with  borax;  the 
Jved  in  hydrochloric  acid;   the  solution  boiled  with 
i  blue  color  (niobium).    There  is  no  simple  test  for 

Generally  when  fused  in  0.  F.  with  sodium  car- 
es an  opaque  bluish  green  bead.  Fused  with  sodium 
on  charcoal  in  R.  F.  yields  a  magnetic  mass.  Recog- 
illy  by  its  black  color,  submetallic  streak  and  high 
avity. 

•nee.  Occurs  in  granite  rocks  and  in  pegmatite  veins, 
with  quartz,  feldspar,  mica,  tourmaline,  beryl,  spodu- 
iterite,  samarskite,  wolframite,  microlite,  monazite,  etc. 
;alities  for  its  occurrence  are  the  west  coast  of  Greenland; 
,  Bavaria;  llmen  Mountains,  Siberia;  Western  Australia 
antalite);  Standish,  Maine;  Haddam,  Middletown  and 
J,  Connecticut;  in  Amelia  County,  Virginia;  Mitchell 
orth  Carolina;  Black  Hills,  South  Dakota;  near  Cafion 
'ado. 


The  two  names  are  derived  from  the  acid  elements 
inerals  contain.    Niobium  is  often  called  columbium. 
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Um.  Source  of  tantalum,  which  is  used  in  making  filamentB 
for  incandescent  electric  lamps.  It  is  said  that  more  than 
20,000  20-candle-power  electric-light  filaments  can  be  made 
from  one  pound  of  tantalum.  The  tantalum,  used  for  this  pur- 
pose in  the  United  States,  is  imported  and  is  derived,  chiefly, 
from  the  manganotantalite  deposits  of  western  Australia. 

There  are  a  number  of  other  niobates  and  tantalates,  all  oi 
which  are  rare  in  occurrence.  The  following,  however,  mij^t 
be  mentioned :  jyyrochlore,  chiefly  a  niobate  of  the  cerium  metals 
and  calcium;  microliter  essentially  CajTa207;  fergusoniky  a  nio- 
bate of  yttrium,  erbium,  cerium,  uranium,  etc.;  samars^,  a 
niobate  and  tantalate  of  ferrous  iron,  uranium  and  the  cerium 
metals. 

PHOSPHATES,  ETC. 

The  phosphates  and  the  related  arsenates,  vanadates  and 
antimonates  may  be  divided  into  three  classes:  (1)  Anhydrm 
Phosphates,  etc.;  (2)  Acid  and  Basic  Phosphates,  etc.;  (3)  Hydrm 
Phosphates,  etc. 

1.  ANHYDROUS  PHOSPHATES,  ETC. 

Xenotime. 

Yttrium  phosphate,  YPO4.  Erbium  may  be  present  in  coDflider- 
able  amount,  also  small  amounts  of  cerium,  silicon  and  thorium. 
Tetragonal.  Crystal  forms  resemble  those  of  zircon.  In  rolled 
grains.  Prismatic  cleavage.  H.  =  4-5.  G.  =  4.55-5.1.  Vitreous 
to  resinous  luster.  Color  yellowish  to  reddish  brOwn.  Opaque. 
Infusible.  Tests  as  in  monazite,  which  see.  A  rare  mineral  which 
occurs,  like  monazite,  as  an  accessory  constituent  in  granite,  gneia 
and  pegmatite  veins.  Found  as  rolled  grains  in  the  stream  sands, 
particularly  in  Brazil. 

Monazite. 

Composition.  A  phosphate  of  the  cerium  metals 
(Ce,La,Di)P04  with  usually  some  thorium  silicate,  ThSiOi- 

Crystallization.  Monoclinic.  Crystals  usually  small,  often 
flattened  parallel  to  the  orthopinacoid. 

Structure.  Usually  in  granular  masses,  frequently  as  sand. 
Crystals  rare. 
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vical  Properties.    H.  =  5-5.5.    G.  =»  5.2-5.3.    Resinous 
Color  yellowish  to  reddish  brown.     Translucent  to 
e. 

te.  Infusible.  Insoluble  in  hydrochloric  acid.  After  fusion 
<xlium  carbonate,  dissolve  in  nitric  acid  and  add  solution  to 
of  ammonium  molybdate  solution.  A  yellow  precipitate 
(test  for  a  phosphate).  Decomposed  by  heating  with  cou- 
nted sulphuric  acid;  solution  after  dilution  with  water  and 
ig  gives  with  ammonium  oxalate  a  precipitate  of  the  oxa- 
)f  the  rare  earths. 

urrence.  A  comparatively  rare  mineral  occurring  as  an  acces- 
lineral  in  gneissoid  rocks,  and  as  rolled  grains  in  the  sands 
d  from  the  decomposition  of  such  rocks,  where  it  has  been 
ved  because  of  its  hardness  and  high  specific  gravity.  Found 
United  States,  chiefly  in  North  and  South  Carolina,  both  in 
and  in  the  stream  sands.  The  bulk  of  the  world's  supply  of 
ite  sand  comes  from  the  provinces  of  Minas  Geraes,  Rio  de 
3,  Bahia,  and  Sao  Paulo,  Brazil. 

ae.  The  name  monazite  is  derived  from  a  Greek  word 
ng  to  he  solitary^  in  allusion  to  the  rarity  of  the  mineral. 
.  Monazite  is  the  chief  source  of  thoriiun  oxide,  which  it 
ns  in  amounts  varying  from  1  to  20  per  cent;  commercial 
;ite  usually  containing  between  3  and  9  per  cent.  Thoriiun 
is  used  in  the  manufacture  of  mantles  for  incandescent  gas 


Triphylite — Lithiophilite. 

sphates  of  Uthium  with  ferrous  iron  and  manganese.  Tri- 
corresponds  to  LiFeP04,  Lithiophilite  to  LiMnP04.  The 
olecules  are  isomorphous  and  replace  each  other  in  varying 
ts.  Orthorhombic,  crystals  rare.  Commonly  massive,  cleav- 
)  compact.  Cleavage  parallel  to  base  and  brachypinacoid. 
L5-5.  G.  =  3.42-3.56.  Luster  vitreous  to  resinous.  Color 
gray  in  triphylite  to  salmon-pink  or  clove-brown  in  lithio- 
.  Translucent.  Fusible  at  2.5,  giving  red  lithium  flame. 
'Ute  becomes  magnetic  on  heating  in  R.  F.  Lithiophilite  gives 
i".  an  opaque  bluish  green  bead  with  sodium  carbonate.  Sol- 
L  nitric  acid  and  when  the  solution  is  added  to  an  excess  of  a 
n  of  ammonium  molybdate  gives  yellow  precipitate  (test  for 
loric  acid).  Rare  minerals  occurring  in  pegmatite  veins  asso- 
with  other  phosphates,  etc.    Triphylite  found  at  Huntington, 
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Massachuselte;  Peru,  Maine;  Grafton,  New  Hampebite;  Bab 
BteJD,  Bavaria;  Keityo,  Finland .  IdthiophiUte  found  at  Brandir 
Connecticut. 

THE  APATITE   OROUF. 
The  Apatile  Group  consists  of  a  closely  related  series  of  i 
erals  crystallizing  in  the  pyramidal  group  of  tlie  lieiuig 
systfim.    They  are: 

ApatiU,  Ca.(CaF)(PO0.. 

PyromorpkUe,  Pb,(PbCl)(PO,)^ 

Mimetite,         Pb.(Pba)(AsO,).. 

VamdinUe,     Pb,CPbCl)CVO0.. 

Apatite. 

CompositioD.  Fluor-apatite,  Ca.(CaF)(PO.)i;  more  i 
cklor-apatile,  Ca^(CaCl)  (PO.),. 

CiTBtalllzation.  Hexagonal;  tri-pyramidal.  GrystaUa 
long  prisnmtic  in  habit;  sometimes  short  prismatic  or  ta 


ff^YX^ 


Fig.  34S.  I^  BM. 

Usually  terminated  by  prominent  pyramid  of  first  ordi 
frequently  a  basal  plane  (Figs.  345  and  346).  Some  c 
show  faces  of  the  third  order  pyramid  and  have  at  times 
complex  development. 

Structure.  Usually  crystallized;  also  granular  masE 
compact. 

FbTslcal  Proparti«s.  H.  =  5  (can  just  be  scratchec 
knife).  G.  =  3.15.  Vitreous  to  subresinous  luster. 
usually  some  shade  of  green  or  brown;  also  blue,  violet,  co 
Transparent  to  opaque. 
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(iB.  Difficultly  fusible  (5-5.5).  Soluble  in  acids.  Gives  a 
'  precipitate  of  ammonium  phosphomolybdate  when  dilute 
acid  solution  is  added  to  large  excess  of  ammonium  molyb- 
olution.  Concentrated  hydrochloric  acid  solution  gives 
precipitate  of  calcium  sulphate  when  a  few  drops  of  sul- 
acid  are  added.  Recognized  usually  by  its  crystals,  color 
irdness.  Distinguished  from  beryl  by  the  prominent 
idal  terminations  of  its  crystals  and  by  its  being  softer 
knife. 

ety.  Phosphorite.  An  impure  variety  of  apatite  is  known 
sphorite.  It  occurs  in  a  compact  or  earthy  form  or  in 
iionary  and  nodular  masses  in  fossiliferous  rocks  of  different 
Probably  of  organic  origin. 

irrence.  Apatite  is  widely  disseminated  as  an  accessory  con- 
J  in  all  classes  of  rocks;  igneous,  metamorphic  and  sedimen- 
It  is  also  found  in  pegmatite  and  other  veins,  probably  of 
itolytic  origin.  Found  in  titaniferous  magnetites.  Occa- 
'  concentrated  into  large  deposits  or  veins.  In  the  form  of 
orite  or  phosphate  rock  occurs  extensively  as  a  rock  strata, 
ite,  as  it  exists  scattered  in  small  crystals  throughout  the 
slowly  imdergoes  alteration  and  is  gradually  dissolved  by 
ting  carbonated  waters.  Some  of  the  phosphoric  acid  thus 
b  into  solution  goes  into  the  sea  where  it  is  absorbed  by  living 
ms;  some  remains  in  the  soil,  where  its  presence  is  a  necessary 
3n  for  fertiUty  and  from  which  it  is  absorbed  by  plants  and 
1  them  goes  into  the  bodies  of  animals.  The  large  bodies  of 
orite  are  derived  from  organic  sources,  such  as  animal  remains. 
I  calcium  phosphate  in  composition. 

ite  occurs  in  commercial  amount  in  Ontario  and  Quebec, 
i.  It  is  foimd  there  in  crystals  and  masses  enclosed  in  crys- 
calcite  and  in  veins  and  irregular  nests  along  the  contact  of 
estone  with  eruptive  rocks.  The  chief  deposits  lie  in  Ottawa 
',  Quebec.  Crystalline  apatite  occurs  in  large  amounts  along 
ithem  coast  of  Norway,  between  Langesund  and  Arqndal. 
•und  there  in  veins  and  pockets  associated  with  a  mass  of 
Nodular  deposits  of  phosphate  rock  are  found  at  intervals 
ig  the  Atlantic  coast  from  North  Carolina  to  Florida,  the 
eposits  being  in  the  latter  state.  High  grade  phosphate 
i  are  found  in  western  middle  Tennessee.  Commercial  de- 
f  phosphorite  are  to  be  found  in  northern  Wales,  in  northern 
northern  Germany,  Belgium,  Spain,  etc. 
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Finely  crystallized  apatite  occurs  at  varioua  localities  in  tlw  Alpg; 
ia  Alexander  County,  North  CaroUna;  at  Auburn,  Maine,  et«. 

Um.  Apatite  and  phosphate  rock  are  chiefly  used  for  fer- 
tilizer purposes.  They  are  usually  ground  and  treated  with 
sulphuric  acid  to  render  the  phosphoric  acid  more  soluble. 
Transparent  varietiea  of  apatite  of  fine  color  are  occaaioially 
used  for  gem  material.  The  mineral  is  too  soft,  however,  to 
allow  of  its  very  extensive  use  for  this  purpose. 

Pyromorphite. 
Composition.    Pb«(PbCI)(PO,),=Phosphoruflpentoridel5.7, 
lead  protoxide  82.2,  chlorine  2.6.    The  phosphorus  is  often  re- 
placed by  arsenic  and  the  species  graduates  into  mimetite. 
CrystaUixatloQ.    Hexagonal;  tri-pyramidal.     Prismatic  crys- 
tals with   basal  plane.      Rarely  shows 
pyramid  truncations.    Often  in  rounded 
.  barrel-shaped  forms.     Sometimes  cavern- 
ous, the    crystals    being  hollow  prisma 
(Fig.  328).    Frequently  in  parallel  groups. 
Stnictim.  Crystallized,  globular,  reni- 
1  form,  fibrous  and  granular. 
/      Phjrsical    Frop«rti«a.       H.  =  3.5-4. 
G.  =  6.5-7.1.     Resinous   luster.     Color 
Fig.  347.  usually  various  shades  of  green,  brown, 

yellow;  more  rarely  orange-yellow,  gray,  white.     Subtransparent 
to  nearly  opaque. 

Tests.  Easily  fusible  (2).  Gives  a  lead  globule  when  fused 
on  charcoal  with  sodium  carbonate.  When  fused  alone  on  char- 
coal gives  a  globule  which  on  cooling  shows  crystalline  structure. 
Faint  white  sublimate  of  lead  chloride  when  heated  in  C.  T. 
A  few  drops  of  the.  nitric  acid  solution  added  to  ammonium 
molybdate  solution  gives  a  yellow  precipitate  of  anmionium 
phospho  molybdate . 

Occurrence.  A  mineral  formed  by  secondary  action  and  foimd 
"n  the  upper  oxidized  portions  of  lead  veins,  associated  witi  otbo' 
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^Ssttictf  Siberia;  Cornwall;  Phoenixville,  Pennsylvania;  Davidson 
CSounty,  North  Carolina,  etc. 

Name.  Derived  from  two  Greek  words  meaning  fire  and  form 
m  allusion  to  the  crystalline  form  it  assumes  on  cooling  from 
fusion. 

Use.    A  subordinate  ore  of  lead. 

Mimetite. 

Composition.  Pb4(PbCI)(As04)8  =  Arsenic  pentoxide  23.2, 
lead  protoxide  74.9,  chlorine  2.4.  Phosphorus  replaces  the 
arsenic  in  part  and  calcium,  the  lead.  Endlichite  is  a  variety 
intermediate  between  mimetite  and  vanadinite. 

Crystallization.  Hexagonal;  tri-pyramidal.  Crystals  pris- 
matic, showing  basal  plane  and  at  times  pyramids.  Usually  in 
rounded  barrel-  to  globular-shaped  forms. 

Structure.    In  rounded  crystals,  mammillary  crusts. 

Pfajsical  Properties.  H.  =  3.5.  G.  =  7-7.2.  Resinous  lus- 
ter. Colorless,  yellow,  orange,  brown.  Subtransparent  to  al- 
most opaque. 

Tests.  Easily  fusible  (1.5).  Gives  globule  of  lead  when 
fused  with  sodium  carbonate  on  charcoal.  A  fragment  placed 
m  C.  T.  and  heated  in  contact  with  a  splinter  of  charcoal  gives 
deposit  of  metallic  arsenic  on  walls  of  tube. 

Occurrence.  A  comparatively  rare  mineral  of  secondary  origin, 
occurring  in  the  upper,  oxidized  portion  of  lead  veins.  Notable 
localities  for  its  occurrence  are  in  Cornwall,  Devonshire,  and  Cum- 
berland, England;  Johanngeorgenstadt,  Saxony;  Nerchinsk,  Siberia; 
Phcenixville,  Pennsylvania;  Cerro  Gordo,  California,  etc. 

Name.    Derived  from  the  Greek  for  imitator  in  allusion  to  its 
resemblance  to  pyromorphite. 
Use.    A  minor  ore  of  lead. 

Vanadinite. 

Composition.  Pb4(PbCl)(V04)«  =  Vanadimn  pentoxide  19.4, 
lead  protoxide  78.7,  chlorine  2.5.  Phosphorus  and  arsenic  some- 
times present  in  small  amount  replacing  vanadium.  In  the 
variety  endlickUe  the  proportion  of  V2O6  to  AS2O6  is  nearly  as  1 : 1. 
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Crystallization.  Hexagonal;  tri-pjrramidal.  Prism  with  base. 
Sometimes  small  pyramidal  faces,  rarely  the  pyramid  of  the 
third  order.     In  rounded  crystals;  sometimes  cavernous. 

Structure.    In  crystals  and  globular  forms.    As  incrustations. 

Physical  Properties.  H.  =  3.  G.  =  6.9-7.1.  Adamantine 
to  resinous  luster.  Color  ruby-red,  brown,  yellow.  Transparent 
to  opaque. 

Tests.  Easily  fusible  (1.5).  Gives  globule  of  lead  on  charcoal 
when  fused  with  sodimn  carbonate.  Gives  an  amber  color  in 
O.  F.  to  salt  of  phosphorus  bead  (vanadium).  Dilute  nitric  acid 
solution  gives  with  silver  nitrate  a  white  precipitate  of  silver 
chloride.  Endlichite  would  give  in  C.  T.  the  reaction  for  arsenic 
(see  under  mimetite). 

Occurrence.  A  rare  mineral  of  secondary  origin  found  in  the 
upper  oxidized  portion  of  lead  veins.  Occurs  in  various  districts  in 
Arizona  and  New  Mexico. 

Use.  Source  of  vanadium  and  minor  ore  of  lead.  Vanadium 
is  obtained  chiefly  from  other  ores,  such  as  the  sulphide,  patron- 
ite;  the  vanadate,  camotite;  and  a  vanadium  mica,  roscoelite. 
\'anadium  is  used  chiefly  as  a  steel  hardening  metal.  Meta- 
vanadic  acid,  HVO3,  is  used  as  a  yellow  pigment,  known  as 
vanadium  bronze.  Vanadium  oxide  is  used  as  a  mordant  in 
dyeing. 


Amblygonite. 

A  phosphate  of  lithium  and  aluminium,  Li(AlF)P04,  having 
hydroxyl  isomorphous  with  the  fluorine  and  often  sodium  in  small 
amount  replacing  the  lithium.  TricUnic.  Usually  massive,  cleav- 
able  to  compact.  Perfect  basal  cleavage.  H.  =  6.  G.  =  3.08. 
Luster  vitreous,  pearly  on  cleavage  face.  Color  white  to  pale 
green  or  blue.  Translucent.  Easily  fusible  (2)  giving  a  red  flame 
(lithium).  Insoluble  in  acids.  After  fusion  with  sodium  carbonate 
and  dissolving  in  nitric  acid,  solution  with  excess  of  ammonium 
molybdate  solution  gives  yellow  precipitate  (test  for  phosphate).  A 
rare  mineral  found  in  pegmatite  veins  with  tourmaline,  lepidolite, 
apatite,  etc.  Found  at  Montebras,  France;  Hebron,  Paris,  Auburn, 
and  Peru,  Maine,  etc. 
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2.  ACID  AND  BASIC  PHOSPHATES,  ETC. 

Olivenite. 

An  arsenate  and  hydroxide  of  copper,  Cu3Ass08.Cu(OH)2.  Ortho- 
lombic.  Prismatic,  often  in  acicular  crystals.  Also  reniform, 
)rous,  granular.  H.  =3.  G.  =  4.1-4.4.  Fusible  at  2-2.5.  Ada- 
antme  to  vitreous  luster.  Color  olive-green  to  blackish  green; 
»  shades  of  brown  and  yellow  to  white.  Translucent  to  opaque, 
ith  sodium  carbonate  on  charcoal  gives  a  copper  globule.  When 
lited  in  C.  T.  with  splinter  of  charcoal  gives  arsenical  mirror.  A 
Ue  water  when  heated  in  C.  T.  Found  rarely  in  oxidized  portions 
copper  veins. 

Lazulite. 

L  phosphate  of  magnesium  and  aluminium,  Mg(A1.0H)2(P04)2, 
h  varjdng  amounts  of  ferrous  iron,  replacing  the  magnesium, 
noclinic,  usually  in  steep  P3n*amids.  Also  massive,  granular  to 
ipact.  H.  =  5-5.5.  G.  =  3.05-3.1.  Vitreous  luster.  Azure- 
3  color.  Translucent  to  opaq\ie.  Infusible.  B.  B.  swells,  loses 
Tolor  and  falls  to  pieces.     Insoluble.     A  rare  mineral. 

3.  HYDROUS  PHOSPHATES,  ETC. 

Vivianite, 

ydrous  ferrous  phosphate,  Fe3P208.8H20.  Monoclinic.  Pris- 
ic  crsnstals,  vertically  striated;  often  in  radiating  groups;  at 
5S  fibrous  or  earthy.  Perfect  pinacoidal  cleavage.  H.  =  1.5-2. 
=  2.68-2.68.  -Vitreous  to  pearly  luster.  Colorless  when  un- 
red.  Blue  to  green  when  altered.  Transparent  when  fresh  to 
que  on  exposure.  Fusible  at  2-2.5  to  a  magnetic  globule, 
•ic  acid  solution  added  to  an  excess  of  ammonium  molybdate 
tion  gives  yellow  precipitate  (test  for  phosphate).  Water  in 
r.  A  rare  mineral  of  secondary  origin,  associated  with  pyrrho- 
pyrite,  limonite  and  other  iron  minerals. 

rythrite  or  Cobalt  Bloomy  C03AS2O8.8H2O,  is  a  rare  secondary 
eral  which  occurs  as  an  alteration  product  of  cobalt  arsenides. 
i  usually  pulverulent  in  structure  and  crimson  to  pink  in  color. 
labergite  or  Nickel  Bloomy  Ni3As208.8H20,  is  a  similar  nickel 
ipound.     It  is  light  green  in  color. 

Scorodite. 

hydrous  ferric  arsenate,  FeAs04.2H20.  Orthorhombic, 
dly  in  pyramidal  crystals,  resembling  octahedrons;  also  pris- 
ic.     Crystals  in  irregular  groups.    Also  earthy.    H.  =  3.5-4. 
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G.  =  3.1-3.3.  Vitreous  luster.  Pale  green  to  liver-brown  in  cobr.  §*• 
Translucent.  Fusible  at  2-2.5.  Magnetic  when  heated  in  R.  F. 
Heated  intensely  with  splinter. of  charcoal  in  C.  T.  gives  araemol 
mirror.  Water  in  C,  T.  In  hydrochloric  acid  reacts  for  ferric  iron. 
Occurs  in  oxidized  portions  of  metallic  veins  with  arsenopyrite  and 
other  iron  minerals. 

Wavellite. 

A  hydrous  aluminium  phosphate,  (A10H)8(P04)j.5HtO.  Ortho- 
rhombic,  crystals  rare.  Usually  in  radiating  globular  aggregates. 
Good  cleavage.  H.  =  3-4.  G.  =  2.33.  Vitreous  luster.  Color 
white,  yellow,  green  and  brown.  Translucent  Infusible.  In- 
soluble. Decomposed  by  fusion  with  sodium  carbonate  and  dis- 
solved in  nitric  acid  gives  yellow  precipitate  (test  for  phosfphoric 
acid)  when  solution  is  added  to  excess  of  ammonium  molybdate. 
Moistened  with  cobalt  nitrate,  and  then  ignited  assumes  a  blue  color 
(aluminium).    A  rare  mineral. 

Turquois. 

Composition.  A  hydrous  phosphate  of  aluminium,  colored 
by  small  amounts  of  a  copper  phosphate,  H(A1.2OH)aP04  with 
isomorphous  H(Cu.OH)2P04. 

Structure.  Noncrystalline.  Massive  compact,  renifonn, 
stalactitic,  encrusting.     In  thin  seams  and  disseminated  grains. 

Physical  Properties.  H.  =  6.  G.  =  2.6-2.8.  Waxlike  lus- 
ter.   Color  blue,  bluish  green,  green.    Translucent  to  opaque. 

Tests.  Infusible.  Insoluble.  After  fusion  with  sodium  car- 
bonate and  dissolving  in  nitric  acid,  gives  a  yellow  precipitate 
with  an  excess  of  ammonium  molybdate  solution  (test  for  a 
phosphate).  Gives  a  momentary  green  flame.  In  C.  T.  turns 
dark  and  gives  water. 

Occurrence.  Turquois  is  usually  found  in  the  form  of  small 
veins  and  stringers  traversing  more  or  less  decomposed  igneous 
rocks.  The  famous  Persian  deposits  are  found  in  trachjrte  near 
Nishapur  in  the  province  of  Khorassan.  In  the  United  States  it 
is  found  in  much  altered  granite  or  granite  porphyry  in  Mohave 
County,  Arizona,  and  in  Grant  and  Santa  Fe  counties,  New  Mexico. 
Turquois  has  also  been  found  in  Nevada,  California  and  Colorado. 

Name.  Is  French  and  means  Turkish,  the  original  stones 
having  come  into  Europe  through  Turkey. 
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I.    As  a  gem  stone.    It  is  always  cut  in  round  or  oval  forms 
one-carat  stone  may  be  valued  as  high  as  $10.    Much 
)is  is  cut  which  is  veined  with  the  various  gangue  materials 
ich  stones  are  sold  under  the  name  of  turquois  matrix. 

NITRATES. 

Soda  Niter. 

iposition.  Sodium  nitrate,  NaNOs=  Nitrogen  pentoxide 
K)da  36.5. 

Btallization.  Hexagonal-rhombohedral.  Homoeomor- 
with  calcite.  Has  closely  the  same  crystal  constants, 
ge,  optical  properties,  etc.,  as  calcite.  If  a  cleavage  block 
lite  is  placed  in  a  crystallizing  solution  of  sodium  nitrate, 
rhombohedrons  of  the  latter  will  form  with  parallel  orien- 
on  the  calcite. 

icture.     Usually  massive,  as  an  incrustation  or  in  beds. 
sical  Properties.    Perfect  rhombohedral  cleavage.    H.  = 

G.  =  2.29.    Vitreous  luster.     Colorless  or  white,  also 
li   brown,  gray,  yellow,  etc.     Transparent   to  opaque, 
g  taste. 
b8.    Very  easily  fusible  (1),  giving  a  strong  yellow  sodium 

After  intense  ignition  gives  an  alkaline  reaction  on 
ned  test  paper.  Easily  and  completely  soluble  in  water. 
i  in  C.  T.  with  potassium  bisulphate  gives  off  red  vapors 
ous  oxide. 

urrence.  Because  of  its  solubility  in  water  it  is  only  to  be 
in  arid  and  desert  regions.  Found  in  large  quantities  in  the 
i;  of  Tarapacd,  northern  Chile  and  the  neighboring  parts  of 
I.  Occurs  over  immense  areas  as  a  salt  (caliche)  bed  inter- 
ed  with  sand,  beds  of  common  salt,  gypsum,  etc.  Has  been 
in  Humboldt  County,  Nevada,  and  in  San  Bernardino  County, 
nia. 

.     In  Chile  it  is  quarried,  purified  and  used  as  a  soiwce  of 

58. 

Niter. 

issium  nitrate,  KNO3.  Orthorhombic.  Usually  as  thin  en- 
^ions  or  as  silky  acicular  crystals.  Perfect  cleavage.  H.  =  2. 
1.09-2.14.     Vitreous    luster.      Color    white.      Translucent. 
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E^ily  fusible  (1)  giving  violet  flame  (potassium).  After  ignitioD 
gives  alkaline  reaction  on  moistened  test  paper.  Heated  in  C.  T. 
with  potassium  bisulphate  gives  red  fumes  of  nitrous  oxide.  Eaailf 
soluble  in  water.  Saline  and  cooling  taste.  Found  as  delicate 
crusts,  as  an  efflorescence,  on  surfaces  of  earth,  walls,  rocks,  etc. 
Found  as  a  constituent  of  certain  soils.  Also  in  the  loose  soil  of 
limestone  caves.  Not  as  common  as  soda  niter,  but  produced  from 
soils  in  France,  Germany,  Sweden.  Obtained  in  India.  Used  as  & 
source  of  nitrogen  compounds. 

BORATES. 
Boracite. 

Composition,  MgYCUBieOso-  Isometric;  tetrahedral.  Crystab 
usually  show  cube,  tetrahedron  and  dodecahedron  in  some  com- 
bination. Crystals  usually  isolated  and  disseminated  in  other 
minerals.  Also  massive.  Vitreous  luster.  Colorless,  white,  gray, 
green.  Transparent  to  translucent.  H.  =  7.  G.  =  2.9-3.0. 
Fusible  at  3  with  green  flame  color  (boron).  Soluble  in  hydrochloric 
acid.  Turmeric  paper  moistened  with  a  solution  of  the  mineral  and 
then  dried  at  100**  C.  turns  reddish  brown  (boron).  Occurs  asso- 
ciated with  hahte,  anhydrite,  gypsum,  etc.,  as  one  of  the  products 
formed  by  the  evaporation  of  bodies  of  salt  water. 

Colemanite. 

Hydrous  borate  of  calcium,  Ca2B60ii.5H20.  Monoclinic,  in 
short  prismatic  crystals,  highly  modified.  Cleavable  massive  to 
granular  and  compact.  Perfect  pinacoidal  cleavage.  H.  =  4-4.5. 
G.  =  2.42.  Vitreous  to  adamantine  luster.  Colorless  to  white. 
Transparent  to  translucent.  Fusible  at  1.5.  B.  B.  exfoliates, 
crumbles  and  gives  green  flame  (boron).  Water  in  C.  T.  A  rare 
mineral,  but  occurring  in  considerable  quantity  in  the  salt  lake  de- 
posits, in  the  arid  regions  of  southeastern  California,  in  Death  Valley, 
Inyo  County,  and  in  San  Bernardino  and  Los  Angeles  counties. 

Borax. 

Composition.  Hydrous  sodium  borate,  Na2B4O7.10Hj0== 
Boron  trioxide  36.6,  soda  16.2,  water  47.2. 

Crystallization.  Monoclinic.  Prismatic  crystals,  sometimes 
quite  large. 

Structure.  In  crystals  and  as  massive  cellular  material  or 
encrustations. 


URANINITE  297 

nifulcal  Properties.  Perfect  cleavage  parallel  to  orthopina- 
i.  H.  =  2-2.5.  G.  =  1.75.  Vitreous  luster.  Colorless  or 
ite.  Translucent  to  opaque.  Sweetish-alkaline  taste. 
Pests.  Easily  fusible  (1-1.5)  with  much  swelling  and  gives 
)ng  yellow  flame  (sodium).  Readily  soluble  in  water.  Tur- 
tle paper,  moistened  with  a  dilute  hydrochloric  acid  solution 
the  mineral,  turns  reddish  brown  when  dried  at  100°  C. 
ich  water  in  C.  T. 

Occurrence,  Formed  as  a  deposit  from  the  evaporation  of  salt 
eSy  and  as  an  efflorescence  on  the  surface  of  the  ground  in  arid 
ions.  The  deposits  in  Thibet  have  furnished  large  amounts  of 
ax,  which  has  been  exported  to  Europe  in  the  crude  state,  under 
name  of  tincal.  Found  in  quantity  in  the  United  States  in  the 
ert  region  of  southeastern  California,  in  Death  Valley,  Inyo 
imty  and  in  San  Bernardino  County.  Occurs  also  in  the  adjacent 
is  of  Nevada.  Borax  is  associated  with  the  other  minerals 
)oeited  in  similar  manner,  such  as  halite,  gypsum,  colemanite,  and 
ious  rare  borates. 

ETame.  Borax  comes  from  an  Arabic  name  for  the  substance. 
(Tse.  Borax  is  used  for  washing  and  cleansing;  as  an  anti- 
)tic,  preservative,  etc.,  in  medicine;  as  a  solvent  for  metallic 
ides  in  soldering  and  welding;  and  as  a  flux  in  various  smelt- 
;  and  laboratory  operations. 

URANATES. 
XTraninite.     Pitch  Blende. 

Composition.  An  uncertain  combination  of  the  oxides  of 
nium,  UOa  and  UO2.  With  small  amounts  of  lead  and  the 
e  elements,  thorium,  yttrium,  cerium,  nitrogen,  helium,  argon, 
ium.  It  is  the  mineral  in  which  the  gas  helium  was  first 
covered  on  the  earth,  having  been  previously  noted  in  the 
es  surrounding  the  sun  by  means  of  the  sun^s  spectrum.  In 
also,  was  first  discovered  the  rare  and  strange  substance, 
ium. 

/rystallization.    Isometric.    In  octahedrons,  also  with  do- 
ahedrons.     Less  often  showing  cube  faces.     Crystals  rare. 
structure.     Usually  massive  and  botryoidal;  also  in  grains. 
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Physical  Properties.  H.  =  5.5.  G.  =  9-9.7  (uiiusua% 
high).  Luster  submetallic  to  pitchlike,  dull.  Color  black. 
Streak  brownish  black. 

Tests.  Infusible.  Imparts  to  the  salt  of  phosphorus  bead 
in  0.  F.  a  yellowish  green  and  in  R.  F.  a  green  color.  Soluble 
in  dilute  sulphuric  acid  with  the  slight  evolution  of  helium  gas. 
Characterized  chiefly  by  its  pitchy  luster,  its  high  specific  gravity, 
its  color  and  streak. 

Occurrence.  OccurB  either  as  a  primary  constituent  of  granite 
rockB  or  as  a  secondary  mineral  with  ores  of  silver,  lead,  copper,  etc. 
Found  under  the  latter  condition  at  Johanngeorgenstadt,  MarienbeiK 
and  Schneeberg  in  Saxony,  at  Joachimsthal  and  Pribram  in  Bohemia, 
and  Rezbdnya  in  Hungary.  Occurs  also  in  connection  with  the 
tin  deposits  of  Cornwall,  England.  In  the  United  States  found  in 
isolated  crystals  in  pegmatite  veins  at  Middletown,  Glastonbury 
and  Branchville,  Connecticut.  In  the  mica  mines  of  Mitchell 
County,  North  Carolina.  A  narrow  vein  pf  it  has  been  mined 
near  Central  City,  Gilpin  Coimty,  Colorado. 

Use.  The  chief  interest  in  the  mineral  lies  in  the  fact  that 
it  is  the  principal  source  of  radium.  This  element  exists  in  it 
in  extremely  small  percentages  and  it  is  necessary  to  subject  a 
large  amount  of  the  mineral  to  a  chemical  concentration  in  order 
to  produce  a  few  grains  of  a  radium  salt.  Uranium,  itself, 
has  only  a  limited  use.  Experiments  have  been  made  looking 
toward  its  use  in  steel.  In  the  form  of  various  compounds  it 
has  a  limited  use  in  coloring  glass  and  porcelain,  in  photography 
and  as  chemical  reagents. 

SULPHATES. 

The  sulphates  and  the  related  chromates  may  be  divided  into 
three  divisions:  (1)  Anhydrous  Sulphates;  (2)  Acid  and  Basic 
Sulphates;   (3)  Hydrous  Sulphates, 

1.  ANHYDROUS  SULPHATES. 
Glauberite. 

A  sulphate  of  sodium  and  calcium,  NaaCaCSOJi.  Monoclinic. 
Crystals  thin,  tabular  parallel  to  base.  Basal  cleavage.  H.  ' 
2.6-3.    G.  =  2.7-2.85.     Vitreous  luster.    Color  pale  yellow  or  gray. 
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ghtly  saline  taste.  Fusible  (1.5-2),  giving  yellow  flame  (sodium), 
ter  ignition,  gives  an  alkaline  reaction  on  moistened  test  paper, 
hible  in  hydrochloric  acid  and  solution  with  barium  chloride  gives 
lite  precipitate  of  barium  sulphate.  A  rare  mineral  occurring 
the  saline  deposits,  formed  by  the  evaporation  of  salt  lakes. 


BABITE  GROUP. 

The  Barite  Group  consists  of  the  sulphates  of  barium,  stron- 
um,  lead  and  calcium.  They  crystallize  in  the  orthorhombic 
fstem  with  closely  related  crystal  constants  and  similar  habits, 
he  members  of  the  group  are  as  follows: 


Barite^  BaSOi. 
Celestite,  StSOa, 
Anglesite,  PbSOi. 
Anhydrite^  CaSOi. 


Barite.  .  Barytas.    Heavy  Spar. 

Composition.     Barium  sulphate,  BaS04  =  Sulphur  trioxide 
:.3,  baryta  65.7.    Strontium  and  calcium  sulphates  present  at 


nes. 


Fig.  348. 


Fig.  349. 


Fig.  351. 


;. a 


Fig.  360. 


4 


d 


m 


Fig.  352. 


Crystallization.     Orthorhombic.     Crystals   usually  tabular 

rallel  to  base;  often  diamond  shaped  because  of  the  presence 

a  short  prism  (Fig.  348).    Both  macro-  and  brachydomes 
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usually  present,  either  beveling  the  comers  of  the  dmn 
shaped  crystals  (Figs.  349  and  350),  or  if  the  prism  faces  an 
wanting,  beveling  the  edges  of  the  tables  and  forming  rectaur  "^^ 
gular  prismatic-shaped  crystals  elongated  parallel  to  either  the 
brachy-  or  macro-axis  (Figs.  351  and  352).    Crystals  sometimeB  1"^ 
quite  complex. 

Structure.  In  crystals.  In  divergent  groups  of  tabular  ciyB* 
tals  forming  "crested  barite."  Also  coarsely  laminated;  granur 
lar,  earthy. 

Physical  Properties.  Perfect  cleavage  parallel  to  base  and 
prism  faces.  H.  =  3-3.5.  G.  =  4.5  (heavy  for  a  nonmetaflic 
mineral).  Vitreous  luster;  pearly  at  times  on  base.  Colorless, 
white,  and  light  shades  of  blue,  yellow,  red.  Transparent  to 
opaque. 

Tests.  Fusible  at  4,  giving  yellowish  green  barium  flame. 
After  ignition  gives  an  alkaline  reaction  on  moistened  test  paper. 
Fused  with  sodium  carbonate  and  charcoal  dust  gives  a  residue, 
which,  when  moistened,  produces  a  dark  stain  of  silver  sulphide 
on  a  clean  silver  surface.  Recognized  by  its  white  color,  high 
specific  gravity,  characteristic  cleavage  and  crystals. 

Occurrence.  Barite  is  a  common  mineral  of  wide  distribution. 
It  occurs  usually  as  a  gangue  mineral  in  metaUic  veins,  associated 
especially  with  ores  of  silver,  lead,  copper,"  cobalt,  manganese  and 
antimony.  Sometimes  in  veins  in  limestone  with  calcite  and  celes- 
tite  or  in  sandstone  with  copper  ores.  At  times  acts  as  a  cement  in 
sandstone.  Deposited  occasionally  as  a  sinter  by  waters  from  hot 
springs.  Notable  localities  for  the  occiurence  of  crystalline  barite 
are  in  Westmorland,  Cornwall,  Cumberland,  Derbyshire,  and  Surrey, 
England;  Felsobanya  and  other  localities,  Hungary;  in  Saxony  and 
Bohemia.  In  the  United  States  at  Cheshire,  Connecticut;  De  Kalb, 
New  York;  Fort  Wallace,  New  Mexico.  Massive  barite,  occurring 
usually  as  veins,  nests  and  irregular  bodies  in  limestones,  has  been 
quarried  in  the  United  States  in  Connecticut,  Virginia,  North  Caro- 
lina, Georgia,  Tennessee,  Kentucky  and  Missouri. 

Use.  Barite  is  used  chiefly  for  the  production  of  barium, 
hydroxide,  employed  in  the  refining  of  sugar.  It  is  ground 
and  used  as  a  white  pigment,  to  give  weight  to  cloth  and 
paper,  etc. 
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Celestite. 

Composition.  Strontium  sulphate,  SrS04=  Sulphur  trioxide 
^.6,  strontia  56.4. 

Crystallization.  Orthorhombic.  Crystals  resemble  closely 
U)8e  of  barite  (which  see).  Commonly  tabular  parallel  to  the 
»8e  or  prismatic  parallel  to  the  brachy-  or  macro-axis  with 
'ominent  development  of  the  domes  (Fig.  353).  Crystals  which 
e  elongated  parallel  to  the  brachy-axis  are  frequently  termi- 
ited  in  front  by  four  faces  in  nearly  equal  development,  con- 
ting  of  2  prism  faces  and  2  of  the  macrodome  (Fig.  354). 


Fig.  353. 


Fig.  354. 


Structure.  Crystallized.  Also  radiating  fibrous;  sometimes 
jiular. 

*liy8ical  Properties.  Perfect  cleavage  parallel  to  base  and 
gm.  H.  =  3-3.5.  G.  =  3.95-3.97.  Luster  vitreous  to  pearly. 
lorless,  white,  often  faintly  blue  or  red.  Transparent  to 
Qslucent.     2J 

Tests.  Fuses  at  3.5-4  and  colors  the  flame  crimson  (stron- 
dq).  After  ignition  gives  an  alkaline  reaction  on  moistened 
b  paper.  Fused  with  sodium  carbonate  and  charcoal  dust 
es  a  residue,  which,  when  moistened,  produces  on  a  clean 
''er  surface  a  dark  stain  of  silver  sulphide.  Closely  resembles 
•ite  and  it  will  usually  need  a  flame  test  to  positively  differen- 
be  the  two  species. 

Occurrence.  Celestite  is  found  usually  disseminated  through 
estone  or  in  nests  and  lining  cavities  in  such  a  rock.  Associated 
h  caleite,  dolomite,  gypsum,  halite,  sulphur,  etc.  Notable 
alities  for  its  occurrence  are  with  the  sulphur  deposits  of  Sicily; 
Bex,  Switzerland;  Yate,  Gloucestershire,  England;  Herrengrund, 
ingary;    Strontian    Island,    Put-in-Bay,    Lake    Eirie,     Mineral 
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County,  West  Virgmia;  Son  Bernardino  County,  California.  Foni 
disseminated  in  limestones  near  Syracuse,  New  Yoik,  and  in  MooM 
County,  Michigan. 

Name.    Derived  from  adestis  in  allusion  to  the  faint  Un 
color  often  present. 

Use.     Used  in  the  preparation  of  nitrate  of  strontium  for  l^'' 
fireworks.    Other  strontium  salts  used  in  the  refining  of  sus&r.  |^ 

Anglesdte. 

Composition.    Lead  sulphate,  PbS04 = Sulphur  trionde  26.4, 
lead  oxide  73.6. 

Crystallization.  Orthorhombic.  Crystal  habit  often  snular 
to  that  of  barite  (which  see)  but  much  more  varied.  Crystals 
may  be  prismatic  parallel  to  all  three  of  the  crystal  axes  and 
frequently  show  many  forms,  with  a  complex  development. 

Structure.  Crystallized.  Also  massive,  granular  to  compact 
Frequently  earthy,  in  concentric  layers  about  a  nucleus  of 
galena. 

Physical  Properties.  Perfect  cleavage  parallel  to  base  and 
prism.  H.  =  2.75-3.  G.  =  6.12-6.39  (unusually  high).  Ada- 
mantine luster  when  pure  and  crystalline,  dull  when  earthy. 
Colorless,  white,  pale  shades  of  yellow,  green  and  blue.  May 
be  colored  dark  gray,  etc.,  by  impurities.  Transparent  to 
opaque. 

Tests.  Easily  fusible  at  2.5.  On  charcoal  with  sodium  car- 
bonate reduced  to  a  lead  globule  with  yellow  to  white  coating 
of  lead  oxide.  Fused  with  sodium  carbonate  and  charcoal  dust 
gives  a  residue,  which,  when  moistened,  produces  on  a  clean  silver 
surface  a  dark  stain  of  silver  sulphide.  Recognized  by  its  high 
specific  gravity,  its  adamantine  luster  and  frequently  by  its 
association  with  galena. 

Occurrence.  Anglesite  is  a  common  lead  mineral  of  secondary 
origin.  It  is  formed  through  the  oxidation  of  galena,  sometimes 
directly  to  the  sulphate  as  is  shown  by  the  concentric  layers  of  angle- 
site  found  at  times  surrounding  a  core  of  unaltered  galena,  or  some- 
times by  an  intermediate  solution  and  subsequent  recrystallization. 
Found  in  the  upper,  oxidized  portions  of  lead  veins,  associated  with 
galena,  cerussite,  sphalerite,  smithsonite,  calamine,  iron  oxides,  etc. 
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3  localities  for  its  occurrence  are  Monte  Poni,  Sardinia;  Is- 
Anglesea,  England;  at  Leadhills,  Scotland;  various  localities 
gary,  etc.  Found  in  large  amounts  in  Australia.  Occurs  in 
ited  States  at  Phoenixville,  Pennsylvania;  Carroll  County, 
jid;  Colorado;  Cerro  Gordo,  California. 

le.   Named  from  the  original  locality  on  Island  of  Anglesea. 
An  ore  of  lead. 

Anhydrite. 

Lposition.    Anhydrous  calcium  sulphate,  CaSOi = Sulphur 

e  58.8,  Ume  41.2. 

tallization.    Orthorhombic.    Crystals   rare;   when  ob- 

are  thick  tabular,  also  prismatic  parallel  to  the  macro-axis. 

ctiire.    Usually  in  crystalline  masses,  with  rectangular 

re.    Fibrous,  granular. 

deal  Properties.    Cleavage  parallel  to  the  three  pinacoids, 

ding  rectangular  blocks.    H.  =  3-3.5.    G.  =  2.8^2.98. 

vitreous  to  pearly.    Color  white  with  sometimes  a  faint 

due  or  red  tinge.    Transparent  to  translucent. 

8.    Fusible  at  3-3.5.     After  ignition  gives  an  alkaline 

n  on  moistened  test  paper.    Moistened  with  hydrochloric 

id  ignited  gives  orange-red  flame  of  calcium.    Soluble  in 

drochloric  acid  and  dilute  solution  with  barium  chloride 

rhite  precipitate  of  barium  sulphate. 

irrence.  Occurs  in  much  the  same  manner  as  gypsum,  and 
ssociated  with  that  mineral  but  is  not  nearly  as  common, 
in  beds  associated  with  salt  deposits  and  in  limestone  rocks, 
at  times  in  amygdaloidal  cavities  in  basalt.  Occurs  at  Aussee 
da;  at  Stassfurt,  Prussia;  Bavaria;  Hall  in  Tyrol;  Bex, 
land;  in  the  United  States  at  Lockport,  New  York;  Nash- 
ennessee.    Found  in  large  beds  in  Nova  Scotia. 

Crocoite. 

chromate,  PbCrOi.  Monoclinic.  In  slender  prismatic  crys- 
srtically  striated.  Also  granular.  H.  =  2.5-3.  G.  =  5.9- 
.damantine  luster.     Color  bright  red.     Orange-yellow  streak. 

at  1.5.  Fused  with  sodium  carbonate  on  charcoal  gives  a 
obule.  With  borax  gives  a  green  bead  in  O.  F.  A  rare 
i  f6und  in  the  oxidized  zones  of  lead  veins.  Fine  crystals 
x>m  Mount  Dundas,  Tasmania. 
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2.  ACID  AND  BASIC  SULPHATES. 
Brochantite. 

A  basic  sulphate  of  copper,  CuSO, .  3  Cu{OH)i.  Orthorbiraibit.  1 
Slender  prismatic  cryst;ale,  vertically  striat^ed,  often  acicular.  Son*-  I 
times  massive  reniform.  Perfect  pinacoidal  cleavage.  H.  ■ 
G.  ^  3.9.  Vitreous  luster.  Emerald  to  blackish  green  in  tdu-  I 
Transparent  to  translucent.  Fusible  (3.5).  Copper  globule  nba  I 
fuswl  with  sodium  carbonate  on  charcoal.  Hydrochloric  acid  biAi-  f 
tion  with  barium  chloride  gives  white  precipitate  of  bBrium  enl-  I 
phate.  Water  in  C.  T.  A  rare  mineral  found  in  the  oiidiiel  | 
portions  of  copper  veins. 

3.   HYDROUS  SULPHATES. 
Gypsum.    Seleoite. 
Composition.    Hydrous  calcium  sulphate,  GaSOi.2H|0=Siil- 
phur  trioxide  46.6,  lime  32.5,  water  20.9. 

CrTStftllizatlon.  Monoclinic.  Crystals  usuaUy  tabular  paral- 
lel to  clinopinacoid;  in  diamond-shaped  crystals  with  edges 
beveled  by  prism  and  pyramid  faces  (F^.  355).  Other  fonns 
rare.     Sometimes  twinned  (Fig.  356). 
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structure.  Cleavable  massive;  foliated;  graaular  masaive; 
sometimes  with  fibrous  appearance. 

Physical  PropArtiM.  Cleavage  in  three  directions;  perfect 
parallel  to  clinopinacoid,  yielding  easily  thin  folia;  with  con- 
choidal  surface  parallel  to  orthopinacoid;  with  fibrous  fracture 
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i^el  to  a  pyramid.  H.  =  2  (can  be  scratched  by  the  finger 
dl).  G.  =  2.32.  Usually  with  vitreous  luster;  sometimes 
ky.  Colorless,  white,  gray;  sometimes  various  shades  of  yel- 
w,  red,  brown,  etc.,  from  impurities.  Transparent  to  opaque. 
Vesta.  Fusible  at  3-3.5.  After  intense  ignition,  residue  gives 
kaline  reaction  on  moistened  test  paper.  Soluble  in  hot  dilute 
/'drochloric  acid  and  solution  with  barium  chloride  gives  white 
:^ecipitate  of  barium  sulphate.  Much  water  in  C.  T.  Charac- 
srized  by  its  softness  and  its  perfect  pinacoidal  cleavage. 

VarietieB.     Crystalline.    In  crystals  or  foliated  masses. 

FibroTis,    With  coarse  to  fine  fibrous  appearance.    Satin  spar 

fine  fibrous  with  silky  luster. 

Massive,  Alabaster^  a  fine-grained  variety.  Rock  gypsum^ 
lassive  granular  or  earthy;  often  impure. 

Occurrence.  Gypsum  is  a  common  mineral  which  is  widely  dis- 
ibuted  in  sedimentary  rocks,  often  as  thick  beds.  It  frequently 
3curs  interstratified  with  limestones  and  shales.  Usually  to  be 
»und  as  a  layer  underlying  beds  of  rock  salt  and  has  been  deposited 
lere  as  one  of  the  first  minerals  to  crystaUize  because  of  the  concen- 
ation  of  salt  waters.  Occurs  also  as  lenticular  bodies  or  scattered 
ystals  in  clays  and  shales.  Found  at  times  in  volcanic  regions, 
specially  where  limestones  have  been  acted  upon  by  sulphur  vapors. 
Iso,  is  common  as  a  gangue  mineral  in  metallic  veins.  Associated 
ith  many  different  minerals,  the  more  common  ones  being  salt, 
ahydrite,  dolomite,  calcite,  sulphur,  pyrite,  quartz.  Deposits  of 
jrpsum  of  commercial  importance  are  found  in  many  localities  in 
le  United  States,  but  the  chief  producers  are  located  in  New  York, 
klahoma,  Texas,  Iowa,  Michigan,  Ohio,  Virginia  and  Kansas, 
rypsum  is  found  in  large  deposits  in  Arizona  and  New  Mexico  in  the 
)rm  of  wind-blown  sand. 

Name.  Derived  from  the  Greek  name  for  the  species.  At 
imes  the  crystalline  variety  is  called  selenite,  which  comes  from 

Greek  word  meaning  moon,  probably  in  allusion  to  the  moon- 
ke  white  reflections  from  some  varieties. 

Use.  Gypsum  is  chiefly  used  for  the  production  of  plaster  of 
'aris.  In  the  manufacture  of  this  material,  the  gypsum  is 
round  and  then  heated,  until  a  large  proportion  of  the  water 
as  been  driven  off.  This  plaster,  when  mixed  with  water, 
lowly  absorbs  the  water  and  so  hardens  or  "sets."    Plaster  of 
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Paris  is  used  extensively  for  "staff/'  the  material  from  which 
temporary  exposition  buildings  are  built,  and  for  molds  and 
casts  of  all  kinds.  Gypsum  is  employed  in  making  adamant 
plaster  for  interior  use.  Serves  as  land  plaster,  for  a  fertilizer. 
Satin  spar  and  alabaster  are  cut  and  polished  for  various  orna- 
mental purposes  but  are  restricted  in  their  uses  on  account  of 
their  softness. 

Chalcanthite.    Blue  Vitriol. 

Composition.     Hydrous  copper  sulphate,  CuS04.5HjO= Sul- 
phur trioxide  32.1,  .cupric  oxide  31.8,  water  36.1. 

CrsrstaHization.  Triclinic.  Crystals  commonly  tabular  paral- 
lel to  a  pyramid  face. 

Structure.  CrystalHzed,  also  massive  in  stalactitic  and  reni- 
form  structure,  sometimes  with  fibrous  appearance. 

Physical  Properties.  H.  =  2.5.  G.  =  2.12-2.30.  Vitreous 
luster.  Color  deep  azure-blue.  Transparent  to  translucent. 
Metallic  taste.    . 

Tests.  Fusible  at  3.  Gives  copper  globule  when  fused  with 
sodium  carbonate  on  charcoal.  Soluble  in  water.  Dilute  hydro- 
chloric acid  solution  gives  with  barium  chloride  precipitate  of 
barium  sulphate.  Much  water  in  C.  T.  Characterized  by  its 
blue  color  and  its  solubility  in  water. 

Occurrence.  A  rare  mineral,  found  at  times  in  arid  regions  as  a 
secondary  mineral,  occurring  near  the  surface  in  copper  veins,  and 
derived  from  the  original  copper  sulphides  by  oxidation.  Often 
deposited  from  the  waters  in  copper  mines. 

Use.  A  minor  ore  of  copper.  The  artificial  blue  vitriol  is 
used  in  calico  printing,  in  galvanic  cells,  and  in  various  manu- 
facturing industries. 

Kalinite.     Potash  Alum. 

A  hydrous  sulphate  of  aluminium  and  potassium,  KjSO«. 
Al2(S04)3-24H20.  Isometric;  pyritohedral.  Usually  fibrous  or  mas- 
sive. H.  =  2-2.5.  G.=  1.75.  Vitreous  luster.  Colorless  to  white. 
Transparent  to  translucent.  Fuses  at  1  with  swelling  and  gives  a 
violet  flame  (potassium).  Easily  soluble  in  water.  Astringent  taste. 
Hydrochloric  acid  solution  with  barium  chloride  gives  a  white  pre- 
cipitate of  barium  sulphate,  and  with  ammonium  hydroxide  in 
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5ess  gives  white  precipitate  of  aluminium  hydroxide.  A  eom- 
ratively  rare  mineral,  which  usually  occurs  as  efflorescence  on 
.ys  and  slates,  particularly  those  containing  disseminated  pyrite. 
3o  at  times  in  connection  with  sublimation  products  from  vol- 
loes. 

TUNGSTATES,   MOLYBDATES. 

Wolframite-Hiibnerite. 

Composition.  Tungstates  of  ferrous  iron  and  manganese. 
olframite  (Fe,Mn)W04,  in  which  the  ratio  of  the  iron  to  the 
inganese  varies  from  9  : 1  to  2  : 3.  H'ubnerite,  nearly  pure 
QWO4. 

Crystallization.  Monoclinic.  Crystals  commonly  tabular 
railel  to  the  orthopinacoid,  giving  bladed  forms.  Prism  zone 
rtically  striated. 

Structure.  In  bladed,  lamellar  or  columnar  forms.  Massive 
inular. 

Physical  Properties.  Perfect  cleavage  parallel  to  clinopina- 
d.  H.  =  5-5.5.  G.  =  7.2-7.5.  Submetallic  to  resinous  lus- 
.  Color  black  in  wolframite  to  brown  in  hiibnerite.  Streak 
m  nearly  black  to  brown. 

Tests.  Fusible  (3-4).  Insoluble  in  acids.  Fused  with 
Hum  carbonate,  fusion  then  dissolved  in  hydrochloric  acid, 
added  and  solution  boiled  gives  a  blue  color  (tungsten).  In 
F.  with  sodium  carbonate  gives  bluish  green  bead  (manga- 
je).  Wolframite  when  fused  with  sodium  carbonate  in  R.  F. 
charcoal  gives  a  magnetic  mass. 

Occurrence.  Comparatively  rare  minerals,  found  usually  with 
siterite  and  associated  also  with  scheelite,  bismuth,  quartz,  pyrite, 
ena,  sphalerite,  etc.  Found  in  fine  crystals  from  Schlaggenwald, 
hemia,  and  in  the  various  tin  districts  of  Saxony  and  Cornwall. 
)lframite  occurs  in  the  United  States  in  the  Black  Hills,  South 
kota;  Boulder  County,  Colorado;  Seward  Peninsula,  Alaska, 
ibnerite  is  found  near  Butte,  Montana;  in  various  localities  in 
vada  and  Arizona. 

Use.  Chief  ores  of  tungsten.  Tungsten  is  used  as  a  harden- 
;  metal  in  the  manufacture  of  tool  steel.  Also  as  a  filament 
incandescent  electric  lights.  Sodium  tungstate  is  used  in 
^proofing  cloth  and  as  a  mordant  in  dyeing. 
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Fig.  357. 


Scheelite. 

Composition.  Calcium  tungstate,  CaW04  =  Tungsten  tri- 
oxide  80.6,  lime  19.4.  Molybdenum  is  usually  present,  replacing 
a  part  of  the  tungsten. 

Crystallization.  Tetragonal;  tri-p3rramidal.  Crystals  usually 
simple  pyramids  of  first  order.    Closely  resemble  isometric 

octahedrons  in  angles  (Fig.  357).  Faces  of 
the  p3n'amid  of  third  order  are  small  and 
rare. 

Structure.    Massive  granular;  in  crys- 
tals. 

Physical  Properties.  Cleavage  parallel 
to  pyramid  of  first  order.  H.  =  4.5-5. 
G.  =  6.05  (unusually  high  for  a  mineral 
with  nonmetallic  luster) .  Vitreous  to  ada- 
mantine luster.  Color  white,  yellow,  green, 
brown.  Usually  translucent  to  opaque,  sometimes  transparent. 
Tests.  Difficultly  fusible  (5).  Decomposed  by  boiling  hydro- 
chloric acid  leaving  a  yellow  residue  of  tungstic  oxide,  which, 
when  tin  is  added  to  the  solution  and  boiling  continued,  turns 
first  blue  then  brown.  Recognized  by  its  high  specific  gravity 
and  the  test  for  tungsten. 

Occurrence.  Occurs  usually  with  quartz  in  crystalline  rocks 
associated  with  cassiterite,  topaz,  fluorite,  apatite,  molybdenite, 
wolframite,  etc.  Found  at  times  with  gold.  Occiu^  in  conDection 
with  the  tin  deposits  of  Bohemia,  Saxony  and  Cornwall;  in  quantity 
in  New  South  Wales  and  Queensland.  Found  in  the  United  States 
at  Trumbull,  Connecticut;  near  Randsburg,  San  Bernardino  County, 
California;  near  Browns,  Humboldt  County,  Nevada;  near  Dragoon, 
Cohise  County,  Arizona. 

Use.  A  subordinate  ore  of  tungsten,  wolframite  (which  see) 
furnishing  the  greater  amount.  Tungsten  is  used  chiefly  as  a 
steel-hardening  metal. 

Wulfenite. 

Composition.  Lead  molybdate,  PbMo04  =  Molybdenum  tri- 
oxide  39.3,  lead  oxide  60.7.  Calcium  sometimes  replaces  the 
lead. 
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Crystallization.  Tetragonal;  tri-pyramidal.  Crystals  usually 
Luare  tabular  in  habit  with  prominent  base.  Sometimes  very 
"ttdn.  Edges  of  tables  beveled  with  faces  of  low  second  order 
P^yiamid.  More  rarely  p3rramidal  in  habit.  Pjrramid  of  third 
Order  in  small  faces  and  very  rare. 

Structure.    In  crystals;  also  massive  granular,  coarse  to  fine. 

Physicai  Properties.  H.  =  4.5-5.  G.  =  6.05.  Vitreous  to 
adamantine  luster.  Color  yellow,  orange,  red,  gray,  white. 
^hite  streak.    Transparent  to  subtranslucent. 

Testa.  Easily  fusible  at  2.  Gives  a  lead  globule  when  fused 
'With  sodium  carbonate  on  charcoal.  With  salt  of  phosphorus 
in  R.  F.  gives  green  bead;  in  0.  F.  yellowish  green  when  hot  to 
^hnost  colorless  when  cold.  If  powdered  mineral  is  moistened 
^th  concentrated  sulphuric  acid  and  evaporated  almost  to  dry- 
ness in  a  porcelain  crucible  the  residue  will  show  a  deep  blue 
color  on  cooling  (molybdenum). 

Occurrence.  Found  in  the  oxidized  portion  of  lead  veins  with 
other  ores  of  that  metal,  especially  vanadinite  and  pyromorphite. 
Found  in  the  United  States  in  a  number  of  places  in  Utah,  Nevada, 
Arizona  and  New  Mexico. 

Use.  An  ore  of  molybdenum.  Molybdenum  is  used  as  a 
steel-hardening  metal.  In  the  form  of  ammonium  molybdate 
it  is  used  as  a  chemical  reagent,  as  a  fireproofing  material  and 
as  a  disinfectant.  Molybdenum  used  also  to  color  leather  and 
rubber. 

LISTS   OF  MINERALS   ARRANGED   ACCORDING 

TO   ELEMENTS. 

In  the  following  section  are  given  lists  of  the  minerals  that  are 
of  commercial  importance  because  of  some  element  which  they 
contain.  All  of  the  minerals  that  could  serve  as  a  source  of 
any  particular  element  are  grouped  together,  their  relative 
importance  being  indicated  by  the  type  used  in  printing  their 
names.  The  order  in  which  the  minerals  are  given  in  each  list 
is  the  same  as  that  in  which  they  are  described  in  the  previous 
section  of  this  book.  The  different  elements  have  been  treated 
in  alphabetical  sequence  in  order  to  facihtate  ready  reference 
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to  them.  Each  table  will  be  followed  by  a  brief  general  (Kacos- 
sioQ  of  the  occurrence  of  the  minerals  given  in  it  and  by  a  short 
statement  as  to  the  uses  of  the  element  derived  from  than. 

Aluminium. 

CryoUte,  Na,AlF,.  Bauxite,  A1,0(0H)4. 

Corundum,  AlsOs.  The  Feldspars,  EAlSisOg,  NaAlSiA, 

CaAljSiiO,,  etc. 
Gibbsite,  Al(OH),.  Kaolin,  H4Al,Si,0,. 

Aluminium  is  the  most  conunon  of  all  the  metals.   Unlike 
other  metals,  however,  its  occurrence,  with  the  exception  of  the 
fluorides,  is  restricted  to  minerals  containing  oxygen.    It  is  most 
abundantly  found  in  the  rock-maldng  silicates,  in  the  majority    |> 
of  which  it  is  an  essential  constituent.     It  also  occurs  in  large 
amount  in  the  clays.    The  minerals  which  can  be  used  as  ores 
of  the  metal  are,  however,  few  in  number,  the  only  one  at  present 
of  importance  being  bauxite.    The  enormous  amounts  of  alu- 
minium contained  in  the  various  silicates  are  not  yet  available 
because  of  the  difficulty  and  expense  of  extraction. 

Bauxite  is  produced  in  the  United  States  chiefly  from  Arkan- 
sas, Alabama,  Georgia  and  Tennessee.  The  deposits  in  Aritan- 
sas  are  found  in  Pulaski  and  Saline  counties.  They  have  an 
average  thickness  of  10  to  15  feet.  In  one  district  the  beds  lie 
directly  upon  a  body  of  kaoHn,  which  in  turn  rests  upon  a  syenite 
rock-mass  and  it  is  probable  that  both  minerals  have  been 
derived  from  its  decomposition.  The  Alabama-Georgia  district 
extends  from  Jacksonville,  Alabama,  to  Cartersville,  Georgia. 
The  ore  occurs  as  pockets  or  lenses  in  a  clay  which  has  been 
derived  by  weathering  processes  from  a  dolomite  limestone. 
The  bauxite  is  either  pisolitic  or  clay-like  in  structure. 

Cryolite,  imported  from  Greenland,  has  been  used  as  an  ore 
of  aluminium  and  at  present  is  used  as  a  flux  in  the  electrolytic 
process  by  which  most  of  the  metal  is  obtained. 

The  usual  process  at  present  by  which  aluminium  is  extracted 
from  the  bauxite  ores  is  briefly  as  follows :  The  ore  is  heated  to 
low  redness  with  sodium  carbonate  forming  sodium  aluminate. 
This  compound  is  leached  out  by  water  and  by  passing  COi  gas 
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►  the  solution  the  aluminium  is  precipitated  as  the  hydroxide. 
5  latter  on  being  heated  is  converted  into  the  oxide  of  the 
aI.  The  pure  metal  is  prepared  from  this  oxide  by  an  elec- 
ytic  process  which  takes  place  in  a  bath  of  fused  cryolite. 
)  tank  in  which  the  reaction  takes  place  is  lined  with  carbon 
forms  the  cathode,  while  graphite  rods  suspended  in  the 
1  serve  as  the  anode.  The  metal  collects  in  the  bottom  of 
tank. 

luminium  is  valuable  because  of  its  low  density  and  because 
not  easily  oxidized  or  corroded.  It  is  a  good  electrical  con- 
bor  and  to  some  extent  is  replacing  copper  used  for  that  pur- 
I.  It  is  used  in  many  alloys,  particularly  with  zinc,  copper 
nickel.  It  is  used  in  small' amounts  in  casting  steel  in  order 
ike  up  any  oxygen  in  the  melt  and  also  to  prevent  porosity 
le  metal.  Aluminium  and  iron  oxide  are  mixed  in  a  finely 
ded- state  to  form  the  material  known  as  thermit.  When 
mixture-is  ignited  the  heat  of  the  combustion  of  the  alumin- 
is  so  great  that  it  can  be  used  in  welding  iron  and  steel. 
its  and  tubes  and  castings  of  aluminium  are  used  wherever  a 
k  weight  metal  is  desired,  for  instance  in  the  manufacture  of 
ain  parts  of  automobiles.  Aluminium  is  used  in  the  manu- 
ure  of  cooking  utensils,  as  a  substitute  for  lithographic  stones 
zinc  plates,  as  powder  in  the  manufacture  of  metallic  paints. 
It  is  used  also  in  the  form  of  salts,  chiefly  alum  and  alu- 
ium  sulphate,  to  harden  paper,  in  the  purification  of  water, 
lordants  in  dyeing,  in  baking  powders,  in  medicine,  etc. 

Antimony. 

Native  Antunony,  Sb.  Stibnite,  Sb2S3. 

tttimony  occurs  in  a  considerable  number  of  minerals,  es- 
aJly  those  belonging  to  the  series  known  as  the  sulpho-salts, 
;h  are  largely  combinations  of  copper,  lead  or  silver  with 
mony  and  sulphur.  These  minerals  are  mined,  however, 
;he  other  metals  that  they  contain  and  any  antimony  that 
•oduced  from  them  is  in  the  nature  of  a  by-product.  Stib- 
is  practically  the  only  mineral  which  is  mined  for  its  anti- 
y.    This  mineral  has  been  found  in  the  United  States  in  a 
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comparatively  few  deposits.  It  has  been  mined  on  a  small  scale 
in  California,  Nevada  and  Idaho.  The  greater  part  of  the 
antimony  produced  in  the  United  States  is  derived  from  anti- 
monial  lead  which  is  an  alloy  of  the  two  metals  derived  fnm 
the  smelting  of  lead  ores  that  contain  small  amomits  of  antimony 
minerals.  Considerable  amounts  of  antimony  and  antamony 
ores  are  imported,  chiefly  from  China,  France,  Italy,  Merico 
and  Japan. 

Antimony  is  used  in  alloys,  such  as  type  metal  (lead,  antimoiiy 
and  bismuth),  babbitt  or  anti-friction  metal  (antimony,  tin, etc.), 
britannia  metal  (tin  with  antimony  and  copper),  etc.  Antimony 
oxide  is  used  as  a  pigment  and  in  the  glazing  of  enameled  ware. 
The  sulphide  is  used  in  fireworks,  in  safety  matches  and  in  per- 
cussion caps.  Other  compounds  are  used  in  medicine  and  for 
various  purposes  in  the  arts. 

Arsenic. 

Native  Arsenic,  As.  Realgar,  AsS. 

Orpiment,  AsjSs.  Anenopyrite,  FeAsS. 

Arsenic  in  minerals  ordinarily  plays  the  part  of  a  nonmetallic 
element,  similar  to  sulphur  in  its  chemical  relations.    It  fonns 
three  classes  of  compounds,  the  arsenides,  the  sulpharsenites 
and  the  arsenates.    The  number  of  minerals  which  contain 
arsenic  is  considerable  but  only  a  few  can  be  considered  as  dis- 
tinctively arsenic  minerals.    Arsenop3nite  is  the  only  one  which 
at  present  serves  as  an  ore.    Most  of  the  arsenic  oxide  produced 
comes  as  a  by-product  in  the  smelting  of  arsenical  ores  for  copper, 
gold,  lead,  etc.     Large  amounts  of  the  oxide  are  obtained  from 
the  smelting  of  the  copper  ores  at  Butte,  Mont.,  the  mineral 
enargite,  CugAsS^,  being  its  chief  source.    The  oxide  is  also  pro- 
duced at  smelting  plants  in  Washington  and  Utah.    Arseno- 
pyrite  has  been  mined  at  Brinton,  Virginia. 

Metallic  arsenic  is  used  in  some  alloys,  particularly  with  lead 
in  shot  metal.  Arsenic  is  chiefly  used,  however,  in  the  form  of 
white  arsenic,  or  arsenious  oxide.  This  is  employed  in  medicine, 
as  a  poison,  as  a  preservative,  in  making  Paris  green  (an  arsenate 
and  acetate  of  copper),  as  a  pigment,  in  glass  manufacture,  etc. 
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Barium. 
Witheiite,  BaCO..  Barite,  BaS04. 

ante  is  the  chief  source  of  barium  compounds.  It  has  been 
ed  in  the  United  States  in  Missouri,  North  Carolina,  Georgia, 
itucky  and  Tennessee.  The  mineral  is  ground  and  sometimes 
ified  by  washing  and  then  used  as  a  partial  substitute  for 
te  lead  in  paint,  to  give  weight  to  paper  and  cloth,  etc. 
ium  hydroxide  is  used  extensively  in  sugar  refining. 

Bismuth. 

Native  Bismuth,  Bi.  Bismuthinite,  Bi2Ss. 

he  most  important  bismuth  mineral  is  the  native  metal. 
nuth  is  produced,  however,  mostly  as  a  by-product  in  the 
Iting  of  gold  and  silver  ores.  Only  a  comparatively  small 
lunt  is  obtained  in  the  United  States,  chiefly  from  Colorado 
Utah. 

ismuth  is  used  in  the  alloys  which  it  forms  with  lead,  tin  and 
nimn.  These  fuse  at  low  temperatures  and  are  used  for 
by  fuses>  safety  plugs,  etc.  Various  compounds  of  bismuth 
ised  in  medicine  and  in  the  arts. 

Cadmium, 
reenockite,  CdS. 

reenockite  is  the  only  cadmium  mineral  of  importance  and 
is  very  rare  in  occurrence.  The  cadmium  of  commerce  is 
ined  from  zinc  ores  that  carry  a  small  amount  of  the  metal. 
;tically  the  entire  output  of  cadmium  in  the  United  States 
es  from  the  zinc  ores  of  the  Joplin  district,  Missouri,  which 
iiently  contain  some  0.3  per  cent  of  the  metal.  The  zinc 
of  Silesia  have  for  a  long  time  been  a  prominent  source  of 
oium. 

idmium  Is  used  in  various  alloys,  such  as  low-fusing  alloys, 
al  amalgam,  metal  for  stereotype  plates,  etc.  The  metal  is 
.  with  silver  in  electroplating.  The  sulphide,  CdS,  is  known 
idmium-yellgw  and  is  used  extensively  as  a  pigment.  Vari- 
salts  of  cadmium  find  uses  in  the  arts. 
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Chromium. 
Chromita,  FeCrO*  with  MgCrO*.        Crocoite,  PbCrOi. 

Chromite,  or  chromic  iron  ore,  is  the  chief  source  of  chronuu 
Its  production  in  the  United  States  is  very  small,  coming  mo£ 
from  Shasta  County,  Califomia.  It  has  also  been  found  in  wc 
able  deposits  in  Pennsylvania,  Maryland,  North  Carolina 
Wyoming.  Large  amounts  of  the  ore  are  imported  from  1 
Caledonia,  Greece  and  Canada. 

Chromium  is  used  as  a  steel-hardening  metal.  It  give 
steel  a  superior  hardness  and  if  added  in  the  proper  propoi 
does  not  produce  brittleness.  The  mineral  chromite  is  i 
into  bricks  that  are  used  as  linings  for  metallurgical  furn 
Various  red,  orange  and  green  pigments  and  dyes  are  made 
chromium  compounds.  Chromium  salts  are  used  as  mon 
in  the  dyeing  and  printing  of  cloth.  Chromium  compound 
useful  in  tanning  leather. 

Cobalt. 

Linnaeite,  CoaS*.  Cobaltite,  CoSAs. 

Smaltite,  CoAsj. 

Cobalt  is  a  rare  element  which  is  usually  found  in 
amounts  associated  with  nickel  minerals.  Much  of  the  c 
of  commerce  is  produced  from  other  ores  as  a  by-product, 
only  source  of  cobalt  at  present  in  the  United  States  is  froi 
lead  ores  of  southeastern  Missouri,  where  it  occurs  sparinj 
the  mineral  linnseite.  The  metal  is  produced  from  a  col 
erous  manganese  ore  found  in  New  Caledonia,  and  also 
the  silver  ores  of  Cobalt,  Canada. 

Cobalt  is  chiefly  used  in  the  form  of  the  oxide  as  a  blu 
ment  in  making  glass  and  pottery. 

Copper. 

Native  Copper,  Cu.  Bomite,  Cii6FeS4. 

Chalcocite,  CU2S.  Chalcopyrite,  CuFeS2. 

Stromeyerite,  CuAgS.  Tetrahedrite,  CuaSbaSz. 

Covellite,  CuS.  Tennantite,  CusAsaS?. 
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Enargite,  Cii«AsS4.  Chrysocolla,  CuSi03.2H20.  * 

Atacamite,  Cu2Cl(OH)8.  Olivenite,  Cu(CuOH)As04. 

Cuprite,  CU2O.  Brochantite,  Cu4(OH)6S04. 

Malachite,  Cu(OH)2.CuC08.     Chalcanthite,  CUSO4.5H2O. 
Asurite,  Cu(OH)2.2CuCOs. 

Copfjer  is  a  common  and  widely  distributed  element.    It  is 
fcMmd  in  a  nimiber  of  important  minerals  which  usually  occur 
in  veins.    Chalcopyrite  is  the  most  important  ore,  and  in  most 
cases  is  the  only  primary  copper  mineral  in  a  deposit.    The 
other  important  sulphides,  bornite  and  chalcocite,  are  usually, 
although  not  always,   the  results   of  secondary   enrichment. 
Solutions  that  have  leached  out  the  copper  content  of  the  upper 
portion  of  a  copper  vein  will  react  with  the  unoxidized  chalco- 
pyrite farther  down  to  enrich  it  in  respect  to  the  amount  of  cop- 
per it  contains  and  convert  it  into  bornite  and  chalcocite.    In 
this  way  copper  veins  often  show  in  the  upper  part,  just  below 
the  oxidized  zone,  a  body  of  enriched  sulphides.    The  veins  at 
Butte,  Montana,  are  notable  examples  of  this.    This  enriched 
sulphide  zone  is  to  be  observed  in  general  when  the  copper  veins 
traverse  igneous  rocks.    When  they  lie  in  limestones  the  upper 
portion  of  the  vein  is  more  liable  to  be  characterized  by  the 
presence  of  the  oxidized  copper  ores,  native  copper,  cuprite, 
'ttalachite,  azurite,  chrysocolla,  etc.    Pyrite  often  contains  small 
founts  of  copper  and  when  it  occurs  in  large  bodies  becomes 
'^  important  ore  of  the  metal. 

Copper  is  produced  in  from  fifteen  to  twenty  of  the  states  and 
territories  of  the  United  States.  A  brief  description  of  the  chief 
districts  in  the  more  productive  states  follows.  Alaska:  Three 
districts  of  importance  have  been  developed;  the  Ketchikan 
district  where  the  ores  are  contact  bodies,  and  are  composed 
chiefly  of  pyrrhotite,  magnetite,  pyrite  and  chalcopyrite;  Prince 
Vrilliam  Sound  district  including  several  mines  on  Latouche 
Island;  Copper  River  district  where  immense  bodies  of  chal- 
oocite  and  azurite  occur  in  limestone.  Arizona:  The  most  pro- 
ductive district  is  that  of  Bisbee  where  the  ore  bodies  replace 
limestone  and  are  closely  associated  with  intrusive  rocks.  The 
original  ores  were  chiefly  cupriferous  pyrite,  but  secondary  en- 
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riohment  has  extended  to  great  depths.    Near  the  surface  laipB^ 
bodies  of  oxidized  ores  were  found.    The  Jerome  district  h» 
large  bodies  of  ore  lying  in  an  igneous  rock  which  through  shetf'fc:'^ 
ing  has  been  rendered  almost  schistose  in  structure.   Them 
at  present  are  largely  sulphides.    Clifton-Morenci  chstricth* 
its  ores  occurring  as  contact  deposits  lying  in  limestone  m4  Jr- 
shales  into  which  dikes  of  porphyry  have  been  intruded,  andil 
disseminated  bodies  lying  in  the  porphyry  itself.    The  workable 
ores  are  those  which  have  undergone  secondary  enrichment,  mj4 
consist  of  both  carbonates  and  sulphides.    Globe  district  hn 
deposits  that  occur  as  lenticular  replacement  bodies  in  limestooe 
and  as  deposits  in  fissures  in  diabase.    Disseminated  bodies  dn 
occur.    California:  The  chief  districts  lie  in  Shasta  County, 
where-  the  ores  occur  as  replacement  bodies  along  shear  zones 
in  a  granite  porphyry.     Colorado:  Most  of  the  copper  from  tiffl 
state  comes  as  a  by-product  in  the  smelting  of  gold  and  silver 
ores  and  is  derived  chiefly  from  Lake,  San  Juan,  Gilpin,  Chaffee 
and  Clear  Creek  counties.    Idaho:  The  greater  part  of  the  outr 
put  comes  from  the  CcEur  d'Alene  district.     The  deposit  con- 
sists of  disseminated  bomite,  chalcocite  and  chalcopyrite  in  beds 
of  quartzite.     Michigan:  This  state  was  for  a  long  period  the 
most  important  producer  in  the  country,  and  still  ranks  with 
the  leading  three.    The  ores  are  unique  in  that  they  consist 
wholly  of  native  copper.    They  occur  on  Keweenaw  Peninsula, 
the  rocks  of  which  consist  of  a  series  of  alternating  sandstone 
conglomerate  beds  and  basic  lava  flows,  all  inclined  at  a  steep 
angle  to  the  northwest.    The  copper  is  found  disseminated 
through  and  acting  as  a  cement  in  the  conglomerates,  and  in  less 
important  deposits  in  the  amygdaloidal  layers  of  the  lavas. 
Montana:  The  one  important  district,  and  for  a  number  of 
years  the  most  important  copper  district  in  the  world,  is  at 
Butte.    The  ores  occur  as  replacement  veins  in  a  granitic  rock. 
The  ores  have  been  very  greatly  enriched  by  secondary  action 
forming  at  times  very  large  sulphide  bodies.     The  important 
ore  minerals  are  chalcopyrite,  chalcocite  and  enargite.    Nevada: 
The  important  district  is  at  Ely,  whiere  the  sulphide  ores  occur 
as  disseminations  in  highly  altered  porphyry.    New  Mexico: 
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I  Rita-Hanover  and  the  Burro  Mountain  districts  are 
producers.  Tennessee:  The  chief  district  is  that  of 
I.  The  ores  occur  as  steeply  dipping  lenses  in  a  schist 
in  chiefly  pyrrhotite,  p3nite  and  chalcopyrite.  Utah: 
lam  district  has  ores  which  are  closely  associated  with 
ike  rock  called  monzonite  which  is  intruded  into  a 
quartzites,  limestones  ahd  shales.  The  bodies  are 
itact  deposits  in  limestone  or  in  large  disseminated 
n  the  monzonite.    The  Tintic  district  has  ore  bodies 

as  contact  deposits,  replacements  in  limestone  and 
ures,  the  last  being  the  most  important.  The  Frisco 
IS  ores  which  consist  of  pyrite  and  chalcopyrite  occur- 
[ninated  in  a  monzonite. 

mt  copper  deposits  outside  of  the  United  States  are 
nto  in  Spain;  in  Australasia,  at  Mount  Lyell  in  Tas- 

Wallaroo  and  Moontain,  South  Australia,  at  Mount 
1  Queensland  and  at  different  localities  in  New  South 

Mexico  at  Cananea  and  at  various  districts  in  Sonora, 
]Janada  at  the  Boundary  district  in  British  Columbia 
idbury  district  in  Ontario.  Chile,  Japan  and  Germany 
ice  notable  amounts  of  copper, 
is  extensively  used  in  the  form  of  wire,  sheet  and  nails, 
lount,  chiefly  as  wire,  is  used  as  an  electrical  conductor, 
iportant  uses  in  various  alloys,  as  brass  (copper  and 
Qze  and  bell  metal  (copper  and  tin,  at  times  zinc  also), 
ilver  (copper,  zinc  and  nickel),  etc.  Copper  sulphate, 
triol,  is  used  in  calico  printing  and  in  galvanic  cells. 

Gold. 

^e  Goldi  Au,  with  small  amounts  of  Ag. 

te,  (Ag,Au)2Te.  Krennerite,  AuTe2. 

inite,  AuAgTci.  Calaverite,  AuTe2. 

the  greater  part  of  gold  occurs  as  the  native  metal.  It 
X)  only  one  series  of  compounds,  the  tellurides,  and 
lerals,  while  at  times  forming  rich  ore  deposits,  as  at 
Ireek,  Colorado,  are  found  in  only  a  few  districts.    For 
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the  occurrence  and  associations  of  the  gold  ores  see  under  gullfl 
page  125;  under  calaverite,  page  158;  and  sylvanite,  page  1S< 
The  uses  of  gold  for  jewelry,  plating  and  coins  are  wellkMWi^ 
The  standard  gold  for  United  States  coin  is  composed  of  9ptfii] 
gold  and  1  part  copper.  The  gold  used  in  jeweby  is  alloyed ftt 
copper  and  silver  in  order  to  harden  it.  The  purity  of  goW» 
given  in  carats;  24  carats  being  the  pure  metal.  Mostolfte 
gold  used  is  18  carats  fine  or  \\  gold  and  ^  other  metals.  GcU 
is  used  as  the  standard  of  international  exchange  and  one  troy 
ounce  is  worth  S20.67. 


lie. 


Hematite,  FcsOs. 
Magnetite,  Fe,04. 
Turgite,  Y^Jd^iOB), 


Iron. 

Goethite,  FcO.COH),. 
Limonite  FeACOH)^ 
Siderite,  FeCO.. 

Iron,  next  to  aluminium,  is  the  most  abundant  metal  in  the 
crust  of  the  earth.  It  very  rarely  occurs  native,  being  found 
chiefly  in  the  form  of  oxides,  sulphides  and  silicates.  It  is  found 
in  greater  or  less  amount  in  many  rocks,  especially  in  those  that 
contain  the  amphiboles,  pyroxenes,  micas  or  olivine.  The  min- 
eral species  that  contain  iron  are  very  numerous  but  the  minerals 
of  importance  as  ores  number  only  three  or  four.  Iron  occurs 
in  large  amounts  in  the  sulphides,  pyrite,  FeSs,  being  the  most 
common  of  all  sulphides.  These,  however,  never  serve  as  ores 
of  the  metal  because  of  the  injurious  effects  of  the  presence  of 
sulphur  upon  the  iron.  The  minerals  used  as  ores  are  the 
various  oxides  or  the  carbonate. 

The  various  iron  ores  are  formed  under  different  conditions, 
and  as  a  rule  occur  alone  or  in  association  with  only  small 
amounts  of  any  one  of  the  others.  For  discussion  of  the  occur- 
rence of  the  iron  ores  see,  therefore,  under  hematite,  page  184; 
magnetite,  page  189;  limonite,  page  200;  and  siderite,  page  210. 

Hematite  is  by  far  the  most  important  ore  of  iron,  forming  in 
the  United  States  about  nine-tenths  of  the  ore  produced.  Limo- 
nite and  magnetite  form  each  about  one-twentieth  of  the  total, 
while  the  amount  of  siderite  produced  is  almost  negligible. 
Hematite  ore  comes  chiefly  from  the  various  Lake  Superior  dis- 
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and  to  a  much  less  extent  from  Alabama.  Limonite  is 
*ound  in  the  Appalachian  states,  and  magnetite  in  New  York, 
^ew  Jersey  and  Pennsylvania.    Siderite  is  obtained  from  Ohio, 

Nearly  one-half  of  the  world's  production  of  iron  ore  comes 
•'Om  the  United  States;  the  amount  produced  from  Minnesota 
'^^e  nearly  if  not  quite  equals  that  produced  in  any  other 
'^^^try.  Germany  and  Great  Britain,  Spain  and  France,  are 
'Rotable  producers  of  iron. 

The  uses  of  iron  and  steel  are  too  well  known  to  need  dis- 
ptission.  Copperas,  or  green  vitriol,  FeS04.7H20,  is  the  most 
^^portant  salt  of  iron,  being  used  in  dyeing,  in  making  inks, 
I^russian  blue,  rouge,  and  as  a  disinfectant.  Rouge,  Fe208,  is 
Vised  as  a  polishing  powder  and  as  a  red  paint.  Considerable 
Amounts  of  soft  iron  ore,  known  as  paint  ore,  are  ground  for 
mineral  paints,  such  as  ocher,  mnber,  sienna,  etc. 

Lead. 

Galena,  PbS.  Vanadinite,  Pb4(PbCl)(V04)3. 

Cenusite,  PbCOs.  Anglesite,  PbS04. 

Phosgenite,  (PbCl)CO,.  Crocoite,  PrCr04. 

Pyromorphite,  Pb4(PbCl)(P04)3. 
Mimetite,  Pb4(PbCl)(As04)3.      Wulfenite,  PbMo04. 

Galena  is  the  usual  primary  ore  of  lead  and  furnishes  by  far 
the  greater  part  of  the  metal.  Cerussite  and  anglesite  are 
secondary  minerals  which  occur  in  smaller  amounts  in  the  oxi- 
dized zone  of  lead  deposits.  Galena  occurs  most  commonly 
associated  with  zinc  ores,  especially  sphalerite,  or  in  connection 
with  silver  ores.  Lead,  which  is  derived  from  ores  that  are  free 
from  silver,  is  known  as  "soft  lead,"  while  "desilverized"  lead, 
which  is  obtained  from  silver  ores,  is  known  as  "hard  lead." 
Lead  ores  are  most  commonly  found  as  replacement  deposits  in 
limestone  rocks,  either  in  the  form  of  beds  or  irregular  bodies, 
or  as  small  masses  disseminated  through  a  stratum  of  the  rock. 
For  the  associations  and  distribution  of  lead  ores  see  under 
galena,  page  139. 

Metallic  lead  is  used  in  the  form  of  sheet,  pipe,  etc.  It  is  used 
to  make  weights,  bullets  and  shot.    It  is  a  constituent  of  various 
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alloys  such  as  solder  (lead  and  tin),  type  metal  Qead  and  vs&p  If:: 
mony),  low-fusing  alloys   Qead,  bismuth  and  tin).  A  laigQ  ^tv 
amount  of  lead  is  used  in  the  form  of  the  baac  carbossie, 
(Pb.OH)2Pb(C08)i,  which  is  known  as  white  lead,  and  is  very  (x 
valuable  as  a  paint.    The  oxides  of  lead,  litharge,  PbO,  a 
minium,  PbsOi,  are  used  in  making  fine  grades  of  glass,  in  glai* 
ing  earthenware  and  as  pigments.    Lead  chromates  are  used  as 
yellow  and  red  paints.    Lead  acetate,  known  as  sugar  of  le&d, 
has  important  uses  in  various  industries. 

Manganese. 

Alabandite,  MnS.  Psiloxnelane,  MnOs,  MiiO,etc. 

Franklinite,  (Fe,Mn,Zn)(Fe,Mn),04. 
Braunite,  Mn(Mn,Si)08.  Wad,  mixture  of  oxides. 

Manganite,  Mn2(OH)202.  Rhodochrosite,  MnCOi. 

Pyrolusite,  Mn02.  Rhodonite,  MnSiOj. 

Manganese  is  an  element  that  is  widely  distributed  in  small 
amounts.  Traces  of  it  at  least  are  to  be  found  in  most  rocks.  It 
most  commonly  occurs  in  silicates,  oxides  and  carbonates.  The 
oxides  are  the  most  abundant,  and  practically  all  of  the  metal 
is  derived  from  them. 

The  ore  deposits  of  manganese  are  ordinarily  of  secondary 
origin.  The  manganese  existing  in  the  rock-making  silicates, 
through  the  agency  of  weathering  processes,  is  changed  to  an 
oxide.  By  some  process  of  concentration  these  minerals  are 
often  gathered  together  into  irregular  bodies  lying  in  residual 
clays.  At  times  the  manganese  oxides  occur  associated  with 
iron  oxides,  and  when  this  is  the  case  the  two  are  smelted  to- 
gether to  form  directly  an  iron-manganese  alloy  used  in  making 
steel.  Manganese  minerals  also  frequently  occur  as  gangue 
minerals  in  connection  with  silver  ores.  A  manganese  ore  to 
be  of  commercial  value  should  contain  at  least  40  per  cent  of 
metallic  manganese  and  be  low  in  percentages  of  phosphorus 
and  silica. 

Manganese  is  obtained  in  the  United  States  from  the  following 
materials :  manganese  ores,  manganif erous  iron  ores,  manganif- 
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'^er  ores,  and  from  the  residuum  left  from  smelting  the 
of  Franklin  Furnace,  New  Jersey.  Manganese  ores  are 
commercial  deposits  in  Virginia,  Georgia,  Arkansas  and 
i.  Manganif erous  iron  ores  are  found  in  Virginia,  and  at 
laces  in  the  Lake  Superior  iron-ore  districts.  Manga- 
silver  ores  are  found  in  the  Rocky  Mountain  and  Great 
^ons,  the  principal  locality  being  Leadville,  Colorado. 
Dres  of  Franklin  Furnace,  New  Jersey,  contain  small  per- 
of  manganese,  chiefly  in  the  mineral  franklinite,  and  in 
ing  of  them  the  manganese  remains  in  the  residuum  from 
is  later  obtained.  This  is  the  most  important  source 
nese  at  present  in  the  United  States.  Because  of  the 
naestic  production  of  manganese  ores  large  amounts 
e  imported.  These  come  largely  from  India  and  Brazil, 
nese  is  chiefly  used  in  the  form  of  alloys,  those  with 
y  the  most  important.  Spiegeleisen  is  an  alloy  of  iron 
ganese  containing  below  20  per  cent  of  manganese, 
romanganese  contains  manganese  ranging  in  amount 
to  90  per  cent.  These  alloys  are  extensively  used  in 
ifacture  of  steel.  They  serve  to  take  away  any  oxygen 
it  be  in  the  iron,  the  oxygen  uniting  with  the  manganese 
I  into  the  slag.  They  serve  also  to  introduce  carbon 
teel  and  to  prevent  its  oxidation,  and  also  to  counteract 
effects  of  sulphur  and  phosphorus.  Manganese  has 
self  a  hardening  influence  on  steel.  For  these  reasons 
je  steels  have  a  wide  use. 

jal  uses  of  manganese  compounds  include  the  use  of 
,  pyrolusite,  Mn02,  as  an  oxidizer  in  the  manufacture 
le,  bromine  and  oxygen,  as  a  drier  in  paints  and  var- 
\  a  decolorizer  of  glass,  and  in  the  dry-cell  battery, 
a  permanganate  is  used  as  a  disinfectant.  Manganese 
1  printing  calico  and  for  coloring  bricks,  pottery  and 

Mercury. 
»ar,  HgS. 

y,  or  quicksilver,  is  neither  abundant  nor  widespread 
5urrence.    The  native  metal  is  sometimes  found  and 
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other  rare  minerals  of  mercury  are  occasionally  noted,  but 
practically  the  only  ore  of  the  metal  is  the  sulphide,  cinnabar. 
For  the  occurrence  and  distribution  of  mercury,  therefore,  see 
under  cinnabar,  page  144. 

The  most  important  use  of  mercury  is  in  the  amalgamation 
process  for  recovering  gold  and  silver  from  their  ores.   It  is 
used  in  the  form  of  an  amalgam  with  tin  in  "silvering"  mirrore. 
It  is  used  in  thermometers,  barometers,  etc.    Mercury 
especially  calomel,  are  used  in  medicine.    The  sulphide  is 
as  the  pigment  called  vermilion. 

Molybdenum. 
Molybdenite,  MoSi.  Wulfenite,  PbMoOi. 

Molybdenum  is  a  rare  element  occurring  chiefly  as  the  sul- 
phide, molybdenite.  More  rarely  wulfenite  may  serve  as  an 
ore.  See  under  molybdenite,  page  137,  and  under  wulfenite, 
page  308,  for  their  occurrence  and  distribution.  Only  a  small 
amount  of  molybdenum  is  produced  in  the  United  States. 

Molybdenum  is  used  to  a  small  extent  as  a  steel-hardening 
metal.  In  the  form  of  ammonium  molybdate  it  is  used  as  a 
chemical  reagent,  as  a  fireproofing  material,  and  as  a  disin- 
fectant. Molybdenmn  compounds  are  also  used  to  color  leather 
and  rubber. 

Nickel. 

Pentlandite,  (Ni,Fe)S.  Chloanthite,  NiAsj. 

MiUerite,  NiS.  Gersdorffite,  NiAsS. 

Niccolite,  NiAs.  Genthite,  Ni2Mg,Si,0,o.6H,0(?). 

Nickelif  erous  Pyrrhotite.  Gamierite,  noumeaite,  HfNiSiOiC?). 

Linnaeite,  (Co,Ni,Fe)8S4. 

Nickel  is  a  comparatively  rare  element,  found  often  associated 
with  cobalt.  Its  minerals  are  frequently  found  in  small  amounts 
in  connection  with  magnesian  igneous  rocks,  where  it  is  com- 
monly associated  with  chromite.  Only  a  few  localities  produce 
the  metal  in  commercial  quantities,  the  world's  output  coming 
mostly  from  the  nickeliferous  pyrrhotite  ores  of  Sudbury,  On- 
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bittio,  Canada,  or  from  the  silicate  (gamierite)  ores  of  New  Cale- 
donia. The  production  of  nickel  from  ores  mined  in  the  United 
States  is  very  small. 

The  chief  use  of  nickel  is  in  various  alloys.  Nickel  steel,  con- 
'^bfiining  about  3.5  per  cent  of  nickel,  has  a  wide  use  because  of  its 
Kreat  strength  and  toughness.  Other  alloys  are  German  silver 
Ciiickel,  zinc  and  copper);  metal  for  coinage  (nickel  and  copper). 
liBige  amounts  of  nickel  are  used  in  nickel  plating. 

Platinum. 

Native  Platinum,  Pt,  with  some  iron  and  traces  of  the  rare 
platinum  metals.  |  Sperrylite,  PtAsa. 

Platinum  is  a  rare  element  which  usually  occurs  native.  Its 
only  known  compound  occurring  as  a  mineral  is  the  arsenide, 
sperrylite,  which  has  been  foimd  very  sparingly  in  two  or  three 
localities  in  association  with  copper  and  nickel  ores.  Platinum 
is  characteristically  found  associated  with  the  magnesian  rocks 
called  peridotites  and  often  with  chromite.  The  only  commer- 
cial deposits  of  platinum  so  far  known  are  placer  deposits,  the 
materials  of  which  have  been  derived  from  the  weathering  of 
the  rocks  that  contained  the  platinum  in  disseminated  particles. 
For  the  occurrence  and  distribution  of  platinum  see  page  131. 

The  uses  of  platinum  chiefly  depend  upon  its  high  fusing  point 
(1700®  to  1800°  C.)  and  its  resistance  to  chemical  reagents.  It 
is  valuable  for  all  sorts  of  laboratory  apparatus,  such  as  crucibles, 
dishes,  spoons,  etc.  It  is  used  in  the  sulphuric  acid  industry 
for  concentrating  kettles  and  also  in  the  contact  process  for  the 
manufacture  of  the  acid  in  the  form  of  finely  divided  platinum, 
in  contact  with  which  the  acid  is  formed.  It  is  largely  used  as 
wire  to  form  the  electrical  connections  with  the  filaments  of 
incandescent  electric  lights.  It  is  used  in  jewelry,  particularly 
as  the  setting  for  diamonds,  in  dentistry  in  the  making  of  false 
teeth,  in  electrical  heating  apparatus,  for  sparking  plugs  in  ex- 
plosion motors,  in  the  measuring  of  high  temperatures,  in  elec- 
trical contacts,  etc.  Potassium  chloro-platinate,  2KCl.PtCl2,  is 
employed  in  photography. 
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Silver. 

Native  Silver,  Ag.  Proustite,  3Ags3.As^f 

Argentite,  AsjS.  Stephanite,  5Ag^.Sb^|. 

Stromeyerite,  Ag,S.Cu,S.  Polybasite,  9Ag,S.Sb^|. 

Sylvanite,  AgAuTe*.  Cerargyrite,  AgCl. 

Pyrargyrite,  3Ag,S.Sb,S,.  Embolite,  Ag(Cl,Br). 

It  is  to  be  noted  that  none  of  the  silver  minerals  contain  oxy- 
gen, the  most  important  series  being  included  in  the  sulphide 
and  sulpho-salt  groups.    Besides  the  distinctively  silver  min- 
erals listed  above,  several  minerals  of  other  metals  contain  at 
times  sufficient  silver  to  make  them  valuable  ores  of  the  metal. 
Most  important  among  these  are  the  argentiferous  varieties  of 
galena,  chalcocite,  bomite,  chalcopyrite  and  tetrahedrite.    These 
minerals  form  the  most  common  ores  of  silver,  either  because  of 
the  small  amounts  of  silver  which  they  contain,  or  the  smaD 
amounts  of  silver  minerals  associated  with  them. 

The  important  ores  of  silver  can  be  divided  into  three  main 
classes,  namely,  the  siliceous  ores,  copp>er  ores  and  lead  ores. 
The  siliceous  ores  are  those  ores  which  contain  large  propor- 
tions of  quartz  with  small  amounts  of  gold  and  silver  minerals 
and  are  comparatively  free  from  other  metals.  Most  of  them 
contain  both  gold  and  silver,  the  gold  value  being  often  in  excess 
of  the  silver  value.  The  chief  districts  in  which  this  type  of 
silver  ore  is  produced  are  Tonopah  in  Nevada;  the  San  Juan, 
Leadville  and  Aspen  districts  in  Colorado;  Granite,  Jefferson 
and  Silverbow  counties  in  Montana;  and  in  various  districts 
in  Idaho,  Arizona,  California,  South  Dakota  and  Utah.  The 
important  deposits  of  copper  ores  which  contain  a  notable 
amount  of  silver  are  found  at  Butte  in  Montana;  at  the  Bingham 
and  Tintic  districts  in  Utah;  at  the  Bisbee,  United  Verde  and 
Silver  Bell  districts  in  Arizona;  in  Shasta  County,  California; 
and  at  various  places  in  Idaho,  Michigan  and  Colorado.  The 
important  deposits  of  lead  ore  that  produce  silver  are  to  be 
found  at  the  Cceur  d'Alene  district  in  Idaho;  at  the  Bingham 
and  Tintic  districts  in  Utah;  at  the  Creede,  San  Juan  and  Lead- 
ville districts  in  Colorado;  and  at  various  districts  in  Nevada, 
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iontana  and  Arizona.  For  the  production  of  these  different 
Uusses  of  silver  ores  see  Appendix  11. 

The  important  foreign  countries  for  the  production  of  silver 
i^  Mexico,  Canada  and  Australia.  In  Mexico  the  chief  dis- 
^cts  are  Guanajuato,  Pachuca,  El  Oro,  Parral  and  Santa  Eulalia; 
^  Canada  in  the  Boundary  and  Kootenai  districts  in  British 
^lumbia  and  the  Cobalt  district  in  Ontario;  in  Australia 
hiefly  from  the  Broken  Hill  district  in  New  South  Wales. 

In  connection  with  silver  ores  the  following  facts  are  of  in- 
arest.  Owing  to  the  high  value  of  silver,  only  a  small  per- 
entage  of  the  metal  in  an  ore  is  sufficient  to  make  it  valuable. 
W  instance,  an  ore  that  contained  only  0.34  per  cent  of  silver 
rould  yield  100  oimces  to  the  ton,  which  is  an  amount  much 
irger  than  usual.  In  giving  the  assay  value  of  an  ore,  the 
mount  of  silver  is  usually  stated  in  ounces  per  ton  of  ore. 
iead-silver  ores  are  of  value  because  in  the  smelting  the  silver 
nil  be  taken  up  by  the  lead.  Ores  containing  calcium  car- 
lonate  and  iron  and  manganese  minerals  are  of  value  because 
f  the  service  of  these  materials  in  fluxing  the  ore.  Zinc  min- 
rals  detract  from  the  value  of  an  ore  because  of  the  added 
lifficulty  in  smelting  caused  by  their  presence. 

The  uses  of  silver  for  coinage,  for  various  useful  and  ornamental 
objects  and  for  plating  are  too  well  known  to  need  discussion. 
rhe  standard  silver  coin  for  the  United  States  contains  nine 
)arts  of  silver  to  one  of  copper.  Silver  salts  are  used  in  photog- 
•aphy  and  caustic  silver  (AgNOa)  is  employed  in  medicine. 

Tin. 

Stannite,  CusS.FeS.SnS.  Cassiterite,  SnOa. 

The  only  ore  of  tin  of  importance  is  the  oxide,  cassiterite. 
rhis  is  a  mineral  which,  while  occurring  in  small  quantities  in 
tnany  localities,  is  found  only  in  a  comparatively  few  commercial 
ieposits.  For  the  occurrence  and  distribution  of  the  mineral 
966  page  193.  The  United  States  at  present  produces  only  a 
small  amount  of  tin  ore. 

Tin  is  chiefly  used  in  the  coating  or  "tinning"  of  metals,  es- 
pecially iron.    The  tin  plate  thus  formed  is  used  in  roofing,  in 


826  MANUAL  OF  MINERALOGY 

various  utensils,  etc.  An  amalgam  of  tin  and  mercury  is  used 
in  ''silvering''  mirrors.  Various  allo3r8  are  valuable,  such  as 
solder  (tin  and  lead),  bronze  and  bell  metal  (copper  and  tin). 
The  artificial  oxide  of  tin  is  used  as  a  polishing  powder.  Stannic 
chloride  is  employed  as  a  mordant  in  dyeing. 

Titanium. 

nxnenita,  titanic  iron,  FeTiOs       Octahedrite,  TiOi. 

with  MgTiO,  and  Fe,0,.  Brookite,  TiO,. 

EutUe,  TiOa.  Titanite,  CaTiSiOi. 

Titanium  is  a  rare  element,  but  is  quite  widely  distributed  in 
small  quantities.  In  the  form  of  the  minerals  rutile  and  titanite 
it  is  present  in  most  igneous  rocks.  Ilmenite  is  commonly 
found  in  the  basic  igneous  rocks,  and  is  often  associated  with 
magnetic  iron  ores. 

Very  little  titanium  ore  is  produced  in  the  United  States. 
Rutile  deposits  occur  in  Virginia,  and  some  of  the  Adirondack 
magnetite  deposits  contain  considerable  ilmenite. 

The  present  uses  of  titanium  are  rather  limited.  It  has  been 
used  in  steel  and  cast  iron,  in  which  it  serves  to  eliminate  the 
oxygen  and  nitrogen.  It  is  also  said  to  give  a  high  tensile 
strength  and  great  ductility  to  the  steel.  It  is  being  used  to 
some  extent  in  the  manufacture  of  electrodes  for  arc  lights. 
The  oxide  is  used  to  give  a  yellow  color  to  porcelain,  and  to  give 
a  natural  color  to  false  teeth. 

Tungsten. 

Wolframite,  (Fe,Mn)W04.         ScheeUte,  CaWO*. 
Hubnerite,  MnW04. 

Tungsten  is  a  rare  acid-forming  heavy  metal  found  chiefly  in 
the  tungstates  of  iron  and  calcium,  wolframite  and  scheelite. 
For  the  occurrence  and  distribution  of  these  minerals  see  under 
wolframite,  page  307,  and  scheelite,  page  308. 

The  most  important  use  to  which  tungsten  is  put  is  as  a  steel- 
hardening  metal.  Tungsten  steels  hold  their  temper  at  high 
temperatures  and  are  therefore  valuable  for  the  maldng  of  high- 
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ed  tools,  etc.  Because  of.  its  high  fusing  point  metallic 
.ggten  is  used  as  a  filament  in  incandescent  electric  lights. 
lium  tungstate  is  used  in  fireproofing  cloth  and  as  a  mordant 
lyeing.  Calcium  tungstate  is  used  as  the  luminous  screen  in 
ray  apparatus. 

Vanadium. 

scoeHte,  H8K,(Mg,Fe)(Al,V)4(Si03)2(?). 

nadinite,  Pb4(PbCl)  (VO^a.  Camotite,  K(U02)2(V04),.3H,0(?) . 

Vanadium  is  an  acid-forming  metal  which  is  known  in  a  num- 
r  of  very  rare  minerals.  The  three  listed  above  are  the  only 
es  which  occur  in  sufficient  quantities  in  the  United  States  to 

available  for  ores.  Roscoelite  is  a  green  micaceous  mineral 
itaining  about  2  per  cent  of  metallic  vanadium.  It  is  found 
a  soft  sandstone  near  Placerville,  Col.  Carnotite  is  a  sulphur- 
How  pulverulent  mineral  of  doubtful  composition  which  is 
ind  in  sandstones  in  several  districts  in  Colorado  and  Utah, 
su:  the  boundary  line  between  the  two  states.  Vanadinite  is 
secondary  lead  mineral  which  is  found  sparingly  in  the  oxi- 
sed  zones  of  certain  lead  deposits  in  Arizona  and  New  Mexico. 
I  of  these  ores  are  low  grade,  and  are  worked  only  in  a  small 
y  and  at  intervals.  The  chief  supply  of  vanadium  ores  at 
3sent  comes  from  Peru,  where  there  are  large  deposits  of  an 
pure  carbonaceous  sulphide  of  vanadium,  known  as  patronite. 
Vanadium  is  used  chiefly  in  steel,  and  is  said  to  give  it  great 
isile  and  elastic  strength.    Metavanadic  acid,  HVOs,  is  used 

a  yeUow  pigment,  known  as  vanadium  bronze.  Vanadium 
ide  serves  as  a  mordant  in  dyeing. 

Zinc. 

Sphalerite,  ZnS.  Smithsonite,  ZnCOs. 

Zincite,  ZnO.  WiUemite,  Zn2Si04. 

Franklinite,  (Fe,Zn,Mn)(Fe,Mn)208. 

Calamine,  (ZnOH)2SiOt. 

The  sulphide,  sphalerite,  is  the  one  common  primary  ore  of 
nc.  The  carbonate,  smithsonite,  and  the  silicate,  calamine, 
e  usually  associated  with  sphalerite  deposits  as  secondary 
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minerals.  The  three  minerals,  zincite,  franklinite  and  willemite;  |- 
are  found  in  unique  deposits  at  Franklin  Furnace,  New  Jersey. 
Together  with  a  large  number  of  rare  and  unusual  minerals  they 
form  anticlinal  beds  lying  intercalated  in  a  limestone  series.  Id 
general  sphalerite,  the  chief  ore  of  zinc,  is  found  in  irregular 
replacement  deposits  in  limestone.  It  is  very  frequently  inti- 
mately associated  with  lead  minerals.  For  its  occurrence  and 
distribution  see  page  142. 

Metallic  zinc,  or  spelter,  as  it  is  called,  is  chiefly  used  for  gal- 
vanizing iron,  as  an  alloy  with  copper  in  brass,  and  in  storage 
and  telegraph  batteries.  Zinc  dust  or  zinc  shavings  are  used  to 
precipitate  gold  from  its  solution  in  the  cyanide  process.  Large 
amounts  of  zinc  oxide,  or  zinc  white,  are  used  as  a  white  psunt 
which  is  even  more  permanent  than  lead  paints.  Zinc  chloride 
is  used  as  a  wood  preservative. 

OCCURRENCE  AND  ASSOCIATION  OF  MINERALS. 

Although  minerals  are  found  in  many  modes  of  occurrence, 
and  in  an  almost  endless  variety  of  associations,  there  are,  how- 
ever, certain  frequent  and  important  ways  in  which  they  occur 
that  should  be  pointed  out.  An  understanding  of  the  condi- 
tions under  which  a  particular  mineral  is  usually  formed,  together 
with  a  knowledge  of  what  other  minerals  are  characteristically 
associated  with  it,  is  of  the  greatest  value.  On  the  following 
pages  is  given,  therefore,  a  brief  discussion  of  the  more  important 
modes  of  mineral  occurrence,  and  of  the  more  conmion  associa- 
tions observed. 

Rocks  and  Rock-making  Minerals. 

Since  by  far  the  greater  part  of  minerals  occur  as  rock  coi- 
stituents  a  short  description  of  the  more  important  rock  types 
and  of  the  common  rock-making  minerals  will  be  given  first. 
Only  the  barest  outline  of  the  subject  can  be  given  here  and  for 
more  detailed  information  the  reader  is  referred  to  one  of  the 
textbooks  which  treat  more  particularly  of  petrology. 
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Rocks  may  be  divided  into  three  main  divisions,  namely: 

I.  Igneous, 
II.  Sedimentary. 
III.  Metamorphic. 

I.  Igneous  Rocks. 

Igfneoua  RockSy  as  the  name  indicates,  are  those  which  have 

Deen  formed  by  the  cooling  and  consequent  solidification  of  a 

Dace  hot  and  fluid  mass  of  rock  material.    This  liquid  mass 

is  known  as  a  rock  magma.    A  magma,  in  a  measure,  is  like 

B  solution  containing  in  a  dissociated  condition  the  elements 

^hich,  when  the  mass  cools  suflBiciently,  unite  to  form  the  various 

minerals  that  go  to  make  up  the  resulting  rock.    The  elements 

which  form  the  chief  constituents  of  the  magmas  of  igneous 

rocks  are  oxygen,  silicon,  aluminium,  iron,  calcium,  magnesium, 

sodium  and  potassium,  named  in  the  order  of  their  abundance. 

When  a  magma  cools  these  elements  unite  to  form  various 

mineral  molecules,  which,  when  the  point  of  supersaturation 

is  reached,  crystallize  out  to  form  the  minerals  of  the  rock. 

Certain   compounds   under  similar  conditions  crystallize  out 

of  the  fluid  mass  earlier  than  do  others.    In  most  igneous 

rocks  a  more  or  less  definite  order  of  crystallization  for  their 

mineral  constituents  can  be  determined.    In  general  the  more 

basic  minerals  or  those  which  contain  the  smaller  amounts  of 

silica,  which  is  the  acid  element  in  igneous  rocks,  are  observed 

to  crystallize  first  and  the  more  acid  minerals  last.    Among  the 

commoner  rock-making  minerals  the  following  would  be  the 

usual  order  of  crystallization;  iron  oxides  like  magnetite  first, 

then  the  ferro-magnesian   minerals   like  pyroxene,   next   the 

plagioclase  feldspars,  then  orthoclase  and  lastly  quartz. 

The  type  of  minerals  to  be  found  in  any  igneous  rock  would 
depend  chiefly  upon  the  chemical  composition  of  the  original 
magma.  If  the  magma  was  acid  in  character,  i.e.,  had  a  high 
percentage  of  silica,  the  resulting  rock  would  contain  the  more 
acid  minerals  and  an  abimdance  of  free  quartz.  It  would 
usually  be  light  in  color.     If,  on  the  other  hand,  the  magma  had 
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a  low  percentage  of  silica,  or  in  other  words  was  basic  in  duff- 
acter,  the  resulting  rock  would  contain  the  more  basic  minerab 
and  would  not  show  free  quartz.  It  would  also  in  general  be 
dark  in  color. 

In  addition  to  the  wide  variation  in  chemical  and  mineral 
composition  shown  by  igneous  rocks  there  is  also  a  variation  in 
their  physical  structure.  This  is  dependent  upon  the  mode  of 
origin  of  the  rock.  If  a  rock  has  been  formed  from  a  magma 
buried  at  a  considerable  depth  in  the  crust  of  the  earth  it  must 
have  cooled  very  slowly  and  taken  a  long  i>eriod  of  time  for  its 
gradual  crystallization  and  solidification.  Under  these  condi- 
tions the  mineral  particles  have  had  the  opportunity,  because 
of  the  slowness  of  crystallization,  to  grow  to  considerable  size. 
A  rock  having  such  a  deei>-seated  origin  has,  therefore,  a  coarse- 
grained structure  and  the  various  minerals  that  go  to  form  the 
rock  can  in  general  be  differentiated  and  recognized  by  the 
imaided  eye.    Such  rocks  are  commonly  termed  pluionic. 

On  the  other  hand,  if,  by  volcanic  forces,  the  magma,  has  been 
extruded  upon  the  surface  of  the  earth  or  intruded  in  the  form 
of  dikes  into  the  rocks  lying  close  to  the  surface,  its  subsequent 
cooling  and  solidification  go  on  quite  rapidly.     Under  these  con- 
ditions the  mineral  particles  have  little  chance  to  grow  to  any 
size  and  the  resulting  rock  is  fine-grained  in  character.    In  some 
cases,  indeed,  the  cooling  has  been  too  rapid  to  allow  the  separa- 
tion of  any  minerals  and  the  resulting  rock  is  like  a  glass.    Ordi- 
narily the  mineral  constituents  of  such  a  rock  are  only  to  be 
definitely  recognized  by  a  microscopic  examination  of  a  thin 
section  of  the  rock.    Such  igneous  rocks  are  known  as  wlcanic 
rocks. 

An  igneous  rock,  because  of  the  mode  of  its  formation,  con- 
sists of  crystalline  particles  which  may  be  said  to  interlock  with 
each  other.  In  other  words,  it  is  a  solid  mass,  and  each  mineral 
particle  is  intimately  and  firmly  embedded  in  the  surrounding 
particles.  This  structure  will  enable  one  ordinarily  to  distin- 
guish an  igneous  from  a  sedimentary  rock,  the  latter  being  com- 
posed of  grains  which  do  not  interlock  with  each  other  but  stand 
out,  more  or  less,  by  themselves.    A  sedimentary  rock  is  not 
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10  firm  and  coherent  as  an  igneous  rock.  Further  the  texture 
rf  an  igneous  rock  is  the  same  in  all  directions  and  it  forms  a 
MAy  uniform  and  homogeneous  mass.  This  characteristic  will 
anable  one  to  distinguish  an  igneous  from  a  metamorphic  rock, 
■noe  the  latter  shows  a  more  or  leils  de£inite  parallel  arrange- 
□K&t  of  its  minerals  and  a  banded  structure. 

Because  of  the  almost  infinite  variation  possible  in  the  chemi- 
od  composition  of  their  magmas,  and  because  of  the  various 
Donditions  under  which  they  may  form,  igneous  rocks  show  like- 
^  a  wide  variation  in  character.  The  more  common  and 
D&portant  types,  however,  are  very  briefly  described  below. 

Plutonic,  Coarse-grained  Rocks. 

1.  Granite.  A  granite  is  a  medium-  to  coarse-grained,  light- 
olored  rock  having  an  even  texture  and  consisting  chiefly  of 
Uartz  and  a  feldspar.  Frequently  both  orthoclase  and  a 
lagioclase  feldspar,  and  usually  also  small  amounts  of  mica  or 
omblende  are  present.  The  feldspars  can  be  recognized  by 
XexT  color  and  cleavage.  Frequently  the  orthoclase  is  colored 
esb-color  or  red,  while  the  soda-lime  feldspar  is  usually  white. 
lie  quartz  is  recognized  by  its  glassy  luster  and  conchoidal 
"acture.  It  is  usually  white  or  smoky-gray  in  color  and  is 
lund  in  irregular  grains  filling  up  the  interstices  between  the 
bher  minerals.  The  mica,  which  may  be  either  muscovite  or 
iotite,  is  to  be  recognized  by  its  cleavage.  Granite  is  a  common 
Ksktype. 

2.  Syenite.  A  syenite  is  a  medium-  to  coarse-grained  light- 
>lored  rock  with  an  even  texture  and  much  like  a  granite  in 
>pearance.  It  is  to  be  distinguished  from  granite,  however,  by 
16  fact  that  it  contains  little  or  no  quartz.  Its  chief  minerals 
•e  the  feldspars,  with  more  or  less  hornblende,  mica  or  pyroxene. 

variety,  known  as  nephelite-syenite,  is  characterized  by  the 
resence  of  considerable  amounts  of  nephelite.  Another  variety, 
died  anorthosite,  is  composed  chiefly  of  labradorite.  The 
Idspars,  mica  and  hornblende  may  be  distinguished  as  de- 
Tibed  under  granite.  The  pyroxene  resembles  hornblende  in 
ppearance,  but  does  not  show  as  good  a  prismatic  cleavage. 
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Nephelite  is  recognized  by  its  lack  of  a  distinct  cleavage  and  Hb 
oily  and  greasy  luster.    Syenites  are  not  very  common. 

3.  Diorite.  Diorite  is  a  medium-  to  coarse-grained  dark  gray 
or  greenish  colored  rock  having  an  even  texture  and  consisting 
chiefly  of  hornblende  and*  a  feldspar,  in  which  the  hornblende 
predominates.  Often  fine  grains  of  iron  ore  may  be  observed, 
and  frequently  considerable  amounts  of  biotite.  It  is  a  common 
rock  type. 

4 .  Gabbro.  Gabbro  is  a  medium-  to  coarse-grained  dark  gray 
to  greenish  black  rock  with  an  even  texture  composed  chiefly 
of  pyroxene  and  a  feldspar.  It  is  closely  similar  to  diorite,  the 
distinction  lying  in  the  fact  that  it  contains  p3rroxene  instead 
of  amphibole.  These  two  minerals,  as  they  occur  in  these  rocks, 
cannot  always  be  told  apart  by  a  megascopic  examination. 
The  pyroxene  is  usually  in  small  crystal  grains  with  rather  poor 
prismatic  cleavages  which  are  at  nearly  right  angles  to  each 
other.  Hornblende  is  more  liable  to  be  in  longer  prismatic 
crystals  and  shows  better  cleavages,  the  angle  of  which  is  about 
125°.     It  is  a  conmion  rock. 

5.  Dolerite.  This  is  a  name  given  to  those  varieties  of  diorite 
and  gabbro  which  are  too  fine-grained  in  character  to  enable 
one  to  tell  megascopicaUy  whether  the  dark-colored  mineral 
which  they  contain  is  hornblende  or  pyroxene. 

6.  Peridotite.  A  peridotite  is  a  medium-  to  coarse-grained 
dark  green  to  black  rock  with  an  even  texture  which  consists 
wholly  of  ferromagnesian  minerals.  These  are  chiefly  olivine, 
pyroxene  and  hornblende.  As  one  or  the  other  of  these  minerals 
predominates,  various  variety  names  are  used,  such  as  duniie  f(S 
an  olivine  rock  and  pyroxenite  and  homblendite  for  respectively 
pyroxene  and  hornblende  rocks.  Common  accessory  minerals 
found  in  these  rocks  are  ilmenite,  chromite  and  garnet.  The 
peridotites  are  not  very  common  in  their  occurrence. 

Volcanic,  Fine-grained  Igneous  Rocks. 

Because  of  their  very  fine-grained  structure  volcanic  redo 
cannot  in  general  be  readily  told  apart.  A  number  of  differait 
types  are  recognized,  the  distinction  between  them  being  based, 


VOLCANIC,  FINE-CRAINED  IGNEOUS  ROCKS    333 

wever,  chiefly  upon  microscopic  study.  In  the  field  only  an 
proximate  classification,  depending  upon  whether  the  rock 
light  or  dark  in  color,  can  be  made.  A  brief  description  of 
ese  two  types  of  volcanic  rocks  follows. 

1.  Felsite.  This  is  a  dense  fine-grained  rock  type  with  a  stony 
dure  and  includes  all  colors  except  dark  gray,  dark  green  or 
ick.  These  rocks  may,  by  the  aid  of  a  lens,  still  show  a  very 
e-grained  structure  or  their  mineral  constituents  may  occur 
such  small  particles  as  to  give  them  a  dense  and  homogeneous, 
Jen  a  flinty,  appearance.  By  microscopic  study  the  felsites 
ve  been  divided  into  the  following  groups;  rhyolitej  consisting 
iefly  of  alkaline  feldspars  and  quartz;  dacite,  lime-soda  feld- 
irs  and  quartz;  trachyte,  alkaline  feldspars  with  little  or  no 
artz;  andeaite,  soda-lime  feldspars  with  little  or  no  quartz; 
anolUe,  alkaline  feldspars  and  nephelite.  As  a  rule  these 
rieties  are  not  to  be  distinguished  from  each  other  in  the  field. 
le  felsites  are  widespread  in  their  occurrence,  being  found  as 
ces  and  sheets  intruded  into  the  upper  part  of  the  earth^s  crust 
as  lava  flows  which  have  been  poured  out  upon  the  earth's 
:face. 

2.  Basalt.  The  basalts  are  dense  fine-grained  rocks  that  are 
very  dark  color,  green  or  black.  They  are  composed  of  micro- 
>pic  grains  of  a  soda-lime  feldspar  with  pyroxene,  iron  ore, 
en  more  or  less  olivine  and  at  times  biotite  or  hornblende. 
lese  rocks  are  formed  under  the  same  conditions  as  the  felsites 
i  are  to  be  found  occurring  in  the  same  ways. 

i.  Glassy  Bocks.  Some  of  the  volcanic  rocks  have  cooled 
rapidly  that  they  are  wholly  or  in  part  made  up  of  a  glassy 
.terial  in  which  the  different  elements  have  not  had  the  neces- 
y  opportunity  to  group  themselves  into  definite  minerals. 
bhe  entire  rock  is  composed  of  glass  it  is  called  obsidian,  when 
las  a  bright  and  vitreous  luster;  pitchstone  when  its  luster  is 
11  and  pitchy;  perlite  if  it  is  made  up  of  small  spheroids;  and 
rnice  if  it  has  a  distinctly  cellular  structure.  These  rocks 
y  also  have  distinct  crystals  of  various  minerals  embedded 
the  glass,  in  which  case  they  are  known  as  glass  porphyries  (see 
ow  for  a  definition  of  a  porphyry)  or  vitrophyres. 
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Porphsrrias.  Igneous  rocks  at  times  show  distinct  crystals  of 
certain  minerals  which  lie  embedded  in  a  much  finer-grained 
material.  These  larger  crystals  are  known  as  phenocrysis,  and 
the  finer-grained  material  as  the  groundmass  of  the  rock.  Rods 
exhibiting  such  a  structure  are  known  as  porphyries.  The 
phenocrysts  may  vary  in  size  from  crystals  an  inch  or  more 
across  down  to  quite  small  individuals.  The  groundmass  may 
also  be  composed  of  fairly  coarse-grained  material  or  its  graios 
may  be  microscopic  in  size.  It  is  the  distinct  difference  in  siie 
existing  between  the  phenocrysts  and  the  particles  of  the  ground- 
mass  that  is  the  distinguishing  feature  of  a  porphyry.  Tins 
peculiar  structure  is  due  to  certain  conditions  prevailing  during 
the  formation  of  the  rock  which  permitted  some  crystals  to  grow 
to  considerable  size  before  the  main  mass  of  the  rock  consolidated 
into  a  finer-  and  uniform-grained  material.  The  explanation  of 
the  reasons  why  a  certain  rock  should  assume  a  porphyritic 
structure  would  involve  a  more  detailed  discussion  than  it  is 
expedient  to  give  in  this  place.  Any  one  of  the  above  described 
types  of  igneous  rocks  may  have  a  porphyritic  variety,  such  as 
granite-porphyry f  dwrite-porphyry,  fetsite-porphyry,  etc.  Por- 
phyritic varieties  are  more  liable  to  occur  in  connection  with 
volcanic  rocks,  and  they  are  also  found  most  frequently  in  the 
case  of  the  more  acid  types. 

II.  Sedimentary  Rocks. 

Sedimentary  rocks  are  secondary  in  their  origin,  the  materials 
of  which  they  are  composed  having  been  derived  from  the  decay 
and  disintegration  of  some  previously  existing  rock  mass.  They 
have  been  formed  by  a  deposition  of  sediments  in  a  body  of 
water.  They  may  be  divided  into  two  classes,  depending  upon 
whether  their  origin  has  been  mechanical  or  chemical  in  its 
nature.  In  the  case  of  the  sedimentary  rocks  of  a  mechanical 
origin,  their  constituent  particles  have  been  derived  from  the 
disintegration  of  some  rock  mass,  and  have  been  transported 
by  streams  into  a  large  body  of  quiet  water,  where  they  have 
been  deposited  in  practically  horizontal  layers.    Sedimentary 
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^^"^Hxb  of  chemical  origin  have  had  the  materials  of  which  they 
^^  composed  dissolved  by  waters  circulating  through  the  rocks 
•^Hd  brought  ultimately  by  these  waters  into  a  sea,  where  through 
^Ome  chemical  change  they  are  precipitated  upon  its  floor,  also 
Ui  horizontal  layers.  These  horizontal  beds  of  sediments  are 
Ultimately  consolidated  into  the  masses  known  as  sedimentary 
rocks. 

Sedimentary  rocks  are  therefore  characterized  by  a  parallel 
^nangement  of  their  constituent  particles  into  layers  and  beds 
which  are  to  be  distinguished  from  each  other  by  differences  in 
tbickness,  size  of  grain  and  often  in  color.  It  is  to  be  noted, 
further,  that  sedimentary  rocks  in  general  are  composed  of  an 
aggregate  of  individual  mineral  particles,  each  of  which  stands 
out  in  a  way  by  itself  and  does  not  have  that  intimate  inter- 
locking relation  with  the  surrounding  particles  which  is  to  be 
seen  in  the  minerals  of  an  igneous  rock.  In  all  the  coarser- 
grained  sedimentary  rocks  there  is  some  material  which,  acting 
as  a  cement,  surrounds  the  individual  mineral  particles  and  binds 
them  together.  This  cement  is  usually  either  silica,  calcium 
carbonate  or  iron  oxide.  The  chief  minerals  to  be  found  in 
sedimentary  rocks  are  quartz  and  a  carbonate,  calcite  or  dolo- 
mite. These  give  rise  to  the  two  chief  types  of  sedimentary 
rocks,  the  sandstones  and  the  limestones.  A  brief  description 
of  these  rocks  follows. 

1.  Sandstone.  Sandstones  are  mechanical  in  their  origin, 
being  formed  by  the  consoKdation  into  rock  masses  of  beds  of 
sand  and  gravel.  Usually  the  constituent  grains  are  rounded 
and  water-worn,  but  at  times  they  may  be  more  or  less  angular 
in  shape.  With  the  variation  in  the  size  of  the  mineral  particles 
the  rocks  themselves  vary  in  their  grain.  Coarse-grained  sand- 
stones formed  from  gravels  are  known  as  conglomerates.  The 
cement  which  serves  to  bind  the  sand  grains  together  may  be 
deposited  silica,  a  carbonate,  usually  calcite,  an  iron  oxide, 
hematite  or  limonite,  or  fine-grained  argillaceous  or  claylike 
material.  The  color  of  the  rock  will  depend  in  large  measure 
upon  the  character  of  the  cement.  The  rocks  which  have  silica 
or  calcite  as  their  binding  material  are  hght  in  color,  usually  pale 
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yellow,  buff,  white  to  gray,  while  those  that  contain  an  iron 
oxide  are  red  to  reddish  brown.  It  is  to  be  noted  that  when  a 
sandstone  breaks  it  is  usually  the  cement  that  is  fractured,  while 
the  individual  grains  remain  unbroken,  so  that  the  fresh  surfaces 
of  the  rock  have  a  granular  appearance  and  feeUng.  The  chief 
mineral  of  sandstones  is  quartz,  but  at  times  a  rock  may  contain 
notable  amounts  of  feldspar  and  is  then  termed  an  arkm. 
Graywacke  is  a  sandstone,  usually  of  a  gray  color,  which  in  addi- 
tion to  quartz  and  feldspar  contains  particles  of  other  rocks  and 
minerals. 

2.  Shale.  The  shales  are  very  fine-grained  sedimentary  rocks 
which  have  been  formed  by  the  consolidation  of  beds  of  mud, 
clay  or  silt.  They  have  usually  a  thinly  laminated  structure. 
Their  color  is  conunonly  some  tone  of  gray,  although  they  may 
be  white,  yellow,  brown,  green  to  black.  They  are  composed 
chiefly  of  kaohn,  mica,  etc.,  but  are  too  fine-grained  to  permit 
the  recognition  of  their  mineral  constituents  by  the  eye  alone. 
By  the  introduction  of  quartz  and  an  increase  in  the  size  of 
grain  they  grade  into  the  sandstones. 

3.  Limestone.    The  limestones  are  carbonate  rocks  composed 
usually  chiefly  of  calcite,  although  dolomite  may  also  be  at  times 
an  important  constituent.    The  carbonate  has  in  the  great 
majority  of  cases  been  extracted  from  the  sea  water  by  the 
agency  of  minute  organisms  and  then  deposited  in  beds  which 
ultimately  are  consolidated  inib  rock.    These  rocks  are  usu- 
ally fine-  and  even-grained  in  structure  and  sometimes  quite 
dense.    Some  limestones  are  quite  pure  calcite,  while  others  con- 
tain claylike  materials  and  various  oxides  as.  impurities.    The 
color  of  a  limestone  is  usually  gray,  although  it  may  be  white, 
yellow,  brown  to  almost  black.     It  is  a  soft  rock,  to  be  easily 
scratched  by  a  knife.    It  will  effervesce  readily  in  any  common 
acid.    In  the  case  of  limestones  composed  of  dolomite,  however, 
the  acid  needs  to  be  heated.     Oolite ^  or  oOlitic  limestone,  is  a  vari- 
ety which  consists  of  an  aggregate  of  small  spherical  concretions. 
Chalk  is  a  very  fine-grained  friable  limestone  composed  of  shells 
of  minute  sea  animals  known  as  foraminifera.     Travertine  is  a 
deposit  of  calcium  carbonate  formed  by  springs.    A  fine  exami  le 
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ists  in  the  deposits  formed  by  the  Mammoth  Hot  Springs, 
iUowstone  Park.  Marl  is  a  loose,  earthly  material  composed 
a  carbonate  mixed  with  clay  in  variable  amount. 

in.  Metamorphic  Rocks. 

Metamorphic  rocks  are  rocks  which  have  undergone  some 
lemical  or  physical  change  subsequent  to  their  original  forma- 
cm.  This  change  has  been  brought  about  by  means  of  high  tem- 
erature  and  pressure  aided  by  the  action  of  water  and  other 
liemical  agents.  The  changes  involve  the  formation  of  new 
linerals,  the  adding  or  subtracting  of  chemical  constituents  and 
physical  readjustment  of  the  mineral  particles  to  conform  to 
he  existing  pressure.  The  original  rock  from  which  a  metamor- 
►hic  rock  has  been  derived  may  be  either  igneous  or  sedimentary. 
^  these  rocks  become  involved  in  movements  of  the  earth's  crust, 
hey  are  subjected  to  extreme  pressures  accompanied  usually 
•y  high  temperatures.  The  result  will  be  frequently  to  trans- 
onn  the  existing  minerals  into  others  more  stable  under  the 
ew  conditions.  The  physical  structure  of  the  rock  will  also 
rdinarily  be  changed  during  the  process.  Because  of  the  pres- 
iire  to  which  the  rock  is  subjected  the  mineral  particles  will  be 
lore  or  less  broken  and  flattened  and  rearranged  in  parallel 
lyers.  This  banded  or  laminated  character  given  by  the 
arallel  arrangement  of  its  minerals  is  the  most  striking  pecu- 
arity  of  a  metamorphic  rock.  Because  of  this  structure  a 
letamorphic  rock  can  be  distinguished  from  an  igneous  rock, 
urther,  in  the  great  majority  of  cases  a  metamorphic  rock  has 
crystalline  structure  which  distinguishes  it  from  a  sedimentary 
ck.  There  are,  of  course,  all  gradations  from  a  typical  meta- 
Drphic  rock  into  an  unaltered  sedimentary  rock  on  the  one 
nd  and  into  an  unaltered  igneous  rock  on  the  other.  The 
yst  common  types  of  metamorphic  rocks  are  briefly  described 
low. 

1.  Gneiss.  When  the  word  gneiss  is  used  alone  it  usually 
'ers  to  a  metamorphic  rock  composed  essentially  of  quartz, 
dspar  and  a  mica.  The  quartz  and  feldspar  occur  together 
layers  which  are  separated  from  each  other  by  thin  drawn-out 
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bands  of  mica.    A  gneiss  has  usually  a  light  color,  althon^ 
this  is  not  necessarily  so.    Various  varieties  of  gneiss  have  re- 
ceived distinctive  names,  most  of  which  are  self-explanatory,  like 
banded-gneiss  y   lenticidar-ffneiss,  biotite-gneiss,  hornblende-gnm, 
granite-gneiss y  diorite-gneisSy  etc.     Gneiss  is  a  very  common  rock 
type,  especially  in  regions  in  which  the  oldest  rocks,  those  o( 
the  Archaean  age,  are  found.    Gneisses  have  been  more  com- 
monly derived  by  the  metamorphism  of  igneous  rocks,  mostly 
granites,  but  may  have  been  formed  from  sedimentary  rocks  as 
well. 

2.  Mica-8chi8t.  Mica-schist  is  a  rock  composed  essentially 
of  quartz  and  a  mica,  usually  either  muscovite  or  biotite.  The 
mica  is  the  prominent  mineral,  occurring  in  irregular  leaves  and 
in  foliated  masses.  The  mica  plates  all  lie  with  their  cleavage 
planes  parallel  to  each  other  and  give  to  the  rock  a  striking  lam- 
inated or  "schistose"  structure.  The  micanschists  frequently 
carry  characteristic  accessory  minerals,  such  as  garnet,  stauro- 
lite,  cyanite,  epidote,  hornblende,  etc.  They  may  have  been 
derived  from  either  an  igneous  or  a  i^dimentary  rock.  Next  to 
the  gneisses,  they  are  the  most  common  metamorphic  rocks. 

3.  Quartzite.  As  its  name  indicates,  a  quartzite  is  a  rock 
composed  essentially  of  quartz.  It  is  a  firm,  compact  rock 
which  breaks  with  an  uneven,  splintery  or  conchoidal  fracture. 
It  is  usually  light  in  color.  Quartzite  has  been  derived  from 
a  sandstone  by  intense  metamorphism.  It  is  a  conmion  and 
widely  distributed  rock. 

4.  Slate.  Slates  are  exceedingly  fine-grained  rocks  which 
have  a  remarkable  cleavage  which  permits  them  to  be  split  into 
thin  and  broad  sheets.  Their  color  is  commonly  gray  to  black, 
but  may  be  green,  yellow,  brown,  red,  etc.  They  have  been 
formed  commonly  by  the  metamorphism  of  shales.  Their 
characteristic  slaty  cleavage  may  or  may  not  be  parallel  to  the 
bedding  planes  of  the  original  shales.  They  are  quite  common 
in  occurrence. 

5.  Various  Schists.  There  are  various  other  kinds  of  schistose 
rocks,  which  are  chiefly  derived  by  the  metamorphism  of  the 
ferromagnesian  igneous  rocks.    The  most  important  tjrpes  are 
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>^hi8t,  chlonte'Schist,  amphibolite  or  homblende-schist.  They 
:h  are  characterized,  as  their  names  indicate,  by  the  prepon- 
ance  of  some  metamorphic  ferromagnesian  mineral. 
.  Marble.  A  marble  is  a  metamorphosed  limestone.  It  is 
rystalline  rock  composed  of  grains  of  calcite,  or  more  rarely 
3mite.  At  times  the  individual  grains  are  so  small  that  they 
not  be  distinguished  by  the  eye,  and  again  they  may  be  quite 
rse  and  show  clearly  the  characteristic  cleavage  of  the  min- 
.  Like  limestone,  a  marble  is  characterized  by  its  softness 
its  effervescence  with  acids.  When  pure,  marble  is  white  in 
►r,  but  it  may  show  a  wide  range  of  color,  due  to  various  im- 
ities  that  it  contains.  It  is  a  rock  which  is  found  in  many 
iities  and  at  times  in  thick  and  extensive  beds. 


The  Common  Rock-making  Minerals.' 

Jthough  many  minerals  are  found  as  rock  constituents,  those 
ch  can  be  termed  common  and  characteristic  rock-making 
erals  are  comparatively  few  in  number.  The  following  list 
)s  the  names  of  these  minerals,  with  a  brief  statement  in  each 
)  of  the  types  of  rocks  in  which  they  most  commonly  occur. 
.  Quartz.  Quartz,  Si02,  is  a  very  common  and  widely  dis- 
uted  rock-making  mineral.  It  is  found  in  all  the  light- 
►red,  acid,  igneous  and  metamorphic  rocks.  It  is  the  chief 
stituent  of  sandstones  and  quartzites.  It  is  to  be  recognized 
its  hardness  (7),  its  vitreous  luster,  lack  of  cleavage  and  con- 
idal  fracture.  When  it  occurs  in  igneous  rocks  it  often  has 
•ay  or  smoky  color. 

.  The  Feldspars.  The  feldspars  include  orthoclase  and 
rocline,  KAlSiaOs,  albite,  NaAlSiaOg,  anorthite,  CaAl2Si208, 
.  various  mixtures  of  these  last  two  as  oligoclase  (3  albite  to 
northite),  andesite  (I  albite  to  1  anorthite)  and  labradorite 
ilbite  to  3  anorthite).  They  are  very  common  rock-making 
lerals  and  are  found  in  a  great  variety  of  rock  types.  They 
characteristic  of  most  igneous  rocks,  and  frequently  con- 
ute  a  large  proportion  of  them.  They  are  found  in  the 
isses  and  to  a  less  extent  in  some  sandstones.    They  are  to 
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be  distinguished  by  their  two  cleavages  at  right  angles  or  nearly 
so,  their  vitreous  luster  and  their  hardness  (6).  It  frequently 
is  difficult,  if  not  impossible,  to  tell  the  kind  of  feldspar  present 
in  a  rock  by  inspection  alone.  Under  favorable  conditiom 
twinning  striations  may  be  observed  on  the  best  cleavage  face, 
which  would  indicate  that  the  feldspar  belonged  to  the  plag^o- 
clase  group  (see  page  225)  and  could  not  be  orthoclase. 

3.  Nephelite.  Nephelite  is  a  silicate  whose  composition  is 
essentially  NaAlSi04.  It  is  restricted  in  its  occurrence,  bdng 
found  only  in  certain  igneous  rocks,  such  as  the  nephelite  sye- 
nites, which  are  low  in  percentages  of  silica.  It  is  often  mistaken 
for  quartz,  but  the  two  minerals  are  practically  never  found  to- 
gether. It  is  best  determined  by  a  chemical  test.  Unlike  most 
rock-making  minerals,  it  is  readily  soluble  in  hydrochloric  acid 
and  the  solution  gelatinizes  on  evaporation. 

4.  Sodalite.  Sodalite,  Na4(AlCl)Al2(Si04)8,  is  similar  in  its 
occurrence  to  nephelite,  with  which  it  is  commonly  associated. 
It  may  be  greenish  gray  or  white  in  color,  but  is  usually  blue. 
Haiiynite  and  noselite  are  similar  but  rare  species  which  occur 
in  the  same  way. 

5.  Leucite.  Leucite  has  the  composition  KAlCSiOs)^.  It  is 
a  rare  rock-making  mineral  found  chiefly  in  rather  basic  lavas. 
It  is  commonly  in  the  form  of  phenocrysts  which  show  trape- 
zohedral  forms.  It  is  white  to  gray  in  color  with  a  dull  vitreous 
luster. 

6.  The  Micas.  The  micas  are  common  rock-making  min- 
erals. They  may  be  divided  into  two  classes:  the  light  colored 
micas  which  are  chiefly  muscovite,  and  the  dark  colored  micas 
consisting  mostly  of  biotite.  They  are  to  be  determined  by 
their  micaceous  structure,  eminent  cleavage  and  the  elasticity 
of  their  leaves.  Muscovite  is  found  in  granites  and  syenites 
and  other  igneous  rocks.  It  is  especially  common  in  the  meta- 
morphic  rocks,  particularly  the  gneisses  and  schists.  Biotite  is 
found  in  many  igneous  rocks  such  as  the  granites,  syenites  and 
felsites.     It  occurs  also  in  the  gneisses  and  schists. 

7.  The  Pyroxenes.  The  pyroxenes  form  an  important  series 
of  rock-making  minerals  which,  although  the  different  members 
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vary  considerably  in  composition,  are  closely  related  crystallo- 
Sraphically.  The  important  types  are  hypersthene,  (Mg,Fe)SiOj, 
diopeide,  CaMg(Si08)2,  common  pyroxene,  Ca(Mg,Fe)  (8103)2, 
•ugite,  Ca(Mg,Fe)(Si08)2  with  (Mg,Fe)(Al,Fe)2Si06  as  well,  and 
WBgaite,  NaFe(SiOj)2.  The  pyroxenes  are  characteristically 
found  in  igneous  rocks,  particularly  those  that  contain  large 
amounts  of  lime,  iron  and  magnesia,  such  as  basalt,  gabbro, 
peridotite,  etc.  Diopside  and  common  pyroxene  are  at  times 
found  in  metamorphic  limestones.  The  pyroxenes  vary  in  color 
from  white  through  green  to  black.  They  occur  usually  in 
fiomall  grains  or  in  short  prisms.  If  they  show  distinct  crystal 
outlines,  they  can  be  told  by  the  square  cross  section  of  their 
prisms.    They  have  a  rather  poor  cleavage. 

8.  The  Axnphiboles.  The  amphiboles  or  hornblendes  are 
calcium,  magnesium,  iron  metasilicates  which  closely  resemble 
the  p3rroxenes  in  their  chemical  composition.  The  most  im- 
portant members  of  the  group  are  tremolite,  CaMgsCSiOj)*, 
actinolite,  Ca(Mg,Fe)8(Si08)4,  common  hornblende,  Ca(Mg,Fe)8 
(SiOj)*,  with  a  molecule  containing  aluminium  and  ferric  iron 
besides,  and  arfvedsonite,  which  contains  chiefly  soda,  lime  and 
iron  protoxide.  The  amphiboles  are  particularly  characteristic 
of  the  metamorphic  rocks,  but  are  found  in  the  igneous  rocks  as 
well.  Tremolite  is  most  commonly  found  in  crystalline  meta- 
morphosed limestones,  actinolite  in  schists,  hornblende  in 
granites,  syenites  and  diorites,  and  also  in  gneisses  and  horn- 
blende schists.  The  amphiboles  commonly  occur  in  bladed 
prismatic  crystals  with  a  good  prismatic  cleavage.  The  cleav- 
age angle  is  broad,  having  a  value  of  about  125°.  They  vary 
in  color  from  white  through  green  to  black,  but  are  most 
conunonly  green. 

9.  Chrysolite,  or  Olivine.  Chrysolite,  or  olivine,  as  it  is  more 
commonly  termed  when  spoken  of  as  a  rock  constituent,  is  an 
orthosilicate  of  magnesium  and  ferrous  iron  (Mg,Fe)2Si04.  It  is 
a  characteristic  constituent  of  the  ferromagnesian  igneous  rocks 
such  as  gabbros,  peridotites  and  basalts.  It  is  almost  the  only 
mineral  present  in  the  igneous  rock  known  as  dunite.  It  is  usually 
green  in  color,  with  a  vitreous  luster  and  granular  structure, 
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10.  Kaolin.  Kaolin  is  a  silicate  of  aluminium,  HiAl^iiOi, 
which  is  always  secondary  in  its  origin.  It  is  formed  by  the 
weathering  of  some  aluminium  silicate,  usually  a  feldspar.  It 
may  occur  in  quite  pure  masses  where  feldspathic  rocks  have 
been  entirely  altered,  but  is  most  commonly  found,  however,  in 
an  impure  state  in  clay,  and  in  the  rocks  formed  from  claylike 
materials  such  as  shales,  slates,  etc.  When  pure  it  is  often  friable 
or  mealy  in  structure,  although  at  times  it  is  compact.  It  varies 
in  color  from  white  to  yellow,  brown,  red,  etc.,  depending  upon 
the  amount  and  character  of  the  foreign  material  mixed  with  it. 

11.  Chlorites.  The  chlorites  are  a  group  of  green-colored 
micaceous  minerals  of  which  clinochlore  is  the  most  common 
member.  In  composition  they  are  hydrous  silicates  of  aluimn- 
ium  and  magnesium.  They  are  always  secondary  in  their 
origin.  They  are  frequently  formed  by  the  alteration  of  the 
ferromagnesian  minerals  occurring  in  igneous  rocks.  The  green 
color  of  such  rocks  is  usually  due  to  the  presence  of  chlorite. 
They  are  also  common  in  the  chlorite-schists,  in  green  slates,  etc. 
They  are  to  be  recognized  by  their  green  color,  micaceous  structure, 
perfect  cleavage,  and  by  the  fact  that  their  leaves  are  not  elastic. 

12.  Serpentine.  Serpentine,  H4MgsSi209,  is  also  a  secondary 
mineral  formed  by  the  alteration  of  some  original  ferromagnesian 
mineral,  such  as  pyroxene,  amphibole,  and  especially  olivine.  It 
occurs,  therefore,  in  altered  igneous  rocks  and  in  metamorphic 
rocks.  It  may  occur  in  disseminated  particles  or  in  rdck  masses, 
of  which  it  is  the  chief  mineral.  It  is  usually  of  some  shade  of 
green  in  color  and  has  an  oily  or  waxy  luster.  It  is  usually  mas- 
sive in  structure,  but  may  become  coarsely  fibrous  in  the  variety 
known  as  chrysotile. 

13.  Talc.  Talc,  H2Mg3(Si03)4,  is  similar  in  its  origin  and  oc- 
currence to  serpentine.  It  is  found  at  times  in  altered  igneous 
rocks,  but  is  more  characteristic  of  metamorphic  rocks  where 
it  may  occur  in  large  beds  as  soapstone.  It  is  characterized 
by  its  extreme  softness  (1),  greasy  feel  and  also  frequently  by 
its  foliated  structure. 

14.  Calcite.  Calcite,  CaCOs,  is  a  common  and  widely  dis- 
tributed rock-making  mineral  found  chiefly  in  the  sedimentary 
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^lid  metamorphic  rocks.  Such  rocks  as  the  limestones,  marbles 
^Jid  chalks  are  composed  almost  entirely  of  the  mineral.  It  is 
^  be  told  by  its  softness  (3),  its  rhombohedral  cleavage  and  its 
*eady  effervescence  in  cold  acids. 

15.  Dolomite.  Dolomite,  CaMg(C0s)2,  is  found  in  the  same 
''^ay  as  calcite  but  less  commonly.  The  two  minerals  are  usually 
^^QBodated  with  each  other  and  form  dolomite  marbles  and 
dolomitic  limestones.  Its  physical  properties  are  practically 
^he  same  as  those  of  calcite.  It  \yill  only  efifervesce,  however, 
>U  hot  acids. 

Accessory  Rock-making  Minerals. 

In  addition  to  the  more  important  and  common  rock-making 
tkiinerals  that  have  been  described  in  the  preceding  pages,  there 
is  a  group  of  minerals  which  are  characteristically  found  as  rock 
Constituents  but  in  a  minor  way.  They  occur  usually  only  as 
Bmall  and  scattered  crystals  in  the  rock  and  seldom  become  one 
of  its  prime  constituents.  These  minerals  are  known  as  acces- 
sory rock-making  minerals.  The  occurrences  of  the  more  im- 
portant of  them  are  briefly  described  below. 

1.  Oamet.  Garnet  is  a  common  accessory  mineral,  being  par- 
ticularly characteristic  of  the  metamorphic  rocks.  It  is  found 
frequently  in  mica-schists,  hornblende-schists,  gneisses  and  meta- 
morphosed limestones.  More  rarely  it  is  found  in  igneous  rocks. 
It  occurs  in  small  irregular  grains  or  frequently  in  fair-sized 
definitely  shaped  crystals.  It  is  usually  red  or  brown  in  color. 
For  the  different  varieties  of  garnets  and  their  distinguishing 
features,  see  p.  245. 

2.  Epidote.  Epidote  is  formed  by  the  alteration  of  silicates 
containing  lime,  iron  and  aluminium.  It  is  also  characteristic 
of  metamorphosed  limestones.  It  may  be  associated  with 
chlorite,  calcite,  etc.  It  is  usually  found  in  bladed  crystalline 
mafises  and  has  a  characteristic  yellow-green  color,  is  hard  and 
has  one  good  cleavage. 

3.  Staurolite.  Staurolite  is  found  in  metamorphic  rocks,  such 
as  the  mica-schists  and  slates.  Sometimes  it  is  a  constituent  of 
gneiss.     It  is  associated  with  mica,  quartz,  garnet,  cyanite,  etc 
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It  is  characterized  by  a  brown  color,  hardness  (7)  and  pitafe  f  ^ 
orthorhombic  crystals  which  may  show  crossnshaped  twins. 

4.  Cyanite.    Cyanite,  AlfSiOt,  is  a  rather  rare  accessory  m- 
eral  which  is  found  in  gneisses  and  mica-schists.    It  is  associated 
with  muscovite,  quartz,  garnet,  staurolite,  etc.    It  is  to  be 
tinguished  by  its  bladed  structure,  one  good  cleavage,  blue 
and  by  the  fact  that  it  is  distinctly  harder  in  the  direction  parallel 
to  the  length  of  the  crystals  than  in  the  direction  at  right  angles 
to  this. 

5.  Zircon.  Zircon,  ZrSi04,  is  a  rather  rare  mmeral  wluch 
usually  occurs  in  minute  crystals  scattered  throughout  a  rock 
mass.  It  is  found  in  granites,  syenites,  crystalline  limestones, 
chloritic  schists,  etc.  It  is  to  be  distinguished  by  its  usually 
brown  color,  hardness  (7.5)  and  tetragonal  crystallization. 

6.  Titanite.  Titanite  or  sphene,  CaTiSiOs,  is  a  compara- 
tively rare  mineral  found  as  an  accessory  constituent  in  granite, 
syenites,  gneiss,  mica-  and  chlorite-schists  and  crystalline  lime- 
stones. It  occurs  as  microscopical  crystals  in  many  igneous 
rocks. 

7.  Magnetite.  Magnetite,  Fe804,  is  widespread  in  its  occur- 
rence as  a  rock  constituent.  It  is  found  in  all  kinds  of  igneous 
rocks,  usually  in  small  disseminated  grains.  It  is  also  charac- 
teristic of  the  crystalline  schists  and  gneisses.  Ordinarily  it 
occurs  in  comparatively  small  amounts  and  would  be  classed  as 
an  accessory  mineral  but  at  times  it  becomes  a  prime  constituent 
of  the  rock  and  may  be  segregated  into  almost  pure  bodies  of 
the  mineral.  It  is  characterized  by  its  metallic  luster,  black 
color  and  streak  and  its  strong  magnetic  properties. 

8.  Ilmenite.  Ilmenite  or  titanic  iron,  FeTiOs,  is  a  common 
accessory  mineral  occurring  in  the  same  way  as  magnetite  and 
frequently  found  associated  with  it.  It  is  most  commonly  found 
in  the  gabbros  and  related  rocks.  It  is  difficult  to  tell  it  from 
magnetite  by  simple  inspection. 

9.  Hematite.  Hematite,  Fe203,  is  found  as  an  accessory  min- 
eral in  the  feldspathic  igneous  rocks  such  as  granite.  It  occurs 
also  in  the  crystalline  schists.  It  is  common  in  the  sedimentary 
and  metamorphic  rocks  and  at  times  forms  large  bodies  of  almost 
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"e  mineral.    It  is  the  red  pigment  in  many  rocks  and  soils 
I  forms  the  cementing  material  in  many  sandstones.    It  is 
be  recognized  by  its  red  streak. 
0.  Psrrite.    Pyrite,  FeS2,  is  fomid  in  small  disseminated  crys- 

in  all  classes  of  rocks.    It  is  characterized  by  its  pale  brass 
r,  metallic  luster,  hardness  (6),  black  streak  and  frequently 

by  its  isometric  crystal  forms. 

..  Apatite.    Apatite,  Ca4(CaF)(P04)8,  is  found  in  crystals  of 
liderable  size  in  metamorphosed  limestones.    It  is  also  com- 

in  microscopic  crystals  in  all  varieties  of  igneous  rocks,  and 
lany  metamorphic  ones. 
I  addition  to  the  minerals  listed  above,  the  following,  more 

in  their  occurrence,  are  at  times  found  as  accessory  rock 
tituents;  rutile,  iolite,  scapolite,  andalusite  and  sillimanite. 

Pegmatite  Dikes  and  Veins. 

L  connection  with  the  deep-seated,  coarse-grained  igneous 
s,  especially  the  granites,  we  frequently  find  mineral  de- 
ls which  are  known  as  pegmatite  dikes  or  veins.  These 
es  have  the  general  shape  and  character  of  an  igneous  dike 
broad  mineral  vein  although  in  certain  respects  they  differ 
kedly  from  either  of  these.  They  are  to  be  found  running 
ugh  the  main  mass  of  the  igneous  rock  or  filling  fissures  in 
other  surrounding  rocks.  They  are  composed  chiefly  of 
same  minerals  as  occur  in  the  igneous  rock,  but  usually  in 
'  coarse  crysfallizations.  A  granite  pegmatite  is  therefore 
8  up  principally  of  quartz,  feldspar  and  mica.  The  quartz 
feldspar  crystals  may  be  several  feet  in  length  and  the  mica 
BS  are  at  times  more  than  a  foot  across.  In  addition  to  the 
seness  of  the  crystallization  of  the  minerals,  these  veins 
ess  other  peculiar  features.  The  minerals  of  a  pegmatite 
,  for  instance,  have  not  apparently  been  deposited  in  the 
lite  order  that  prevailed  in  the  igneous  rock  mass,  but  their 
tals  have  grown  more  nearly  simultaneously.  These  veins 
also  at  times  show  a  ribboned  or  banded  structure  where 
different  minerals  occur  in  distinct  layers  which  lie  parallel 
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to  the  walls  of  the  deposit.    Their  minerals  are  also  conmon^  are 
quite  irregularly  distributed  through  the  mass,  so  that  attoHK  or 
the  vein  is  composed  chiefly  of  feldspar  and  again  becomes  nevtAi^se 
pure  quartz.    Frequently,  along  the  central  portion  of  the  ^ifcuo 
cavities  and  openings  will  be  observed  into  which  crystals  i\ 
the  different  minerals  project.    These  characteristics  point  111 
a  somewhat  different  origin  for  the  pegmatite  veins  from  W 
of  the  igneous  rock  with  which  they  are  associated. 

No  extended  and  detailed  discussion  of  the  theory  of  theorip 
of  pegmatite  veins  can  be  given  here,  but  it  may  be  briefly  sib»' 
marizcd  as  follows.  Pegmatite  veins  are  formed  during  tl« 
last  stages  of  the  cooling  and  solidification  of  a  plutonic  igne(W 
rock.  As  an  igneous  magma  cools  and  slowly  sohdifies,  it  shiinla 
somewhat  in  volume  and  various  cracks  and  fissures  open  up  |i^^ 
throughout  the  mass.  The  pressure  due  to  the  weight  of  ita  It  in 
rock  forces  any  still  fluid  material  from  the  interior  of  the maa  lice 
up  through  these  cracks  and  also  into  any  fissures  that  may  esak  Ij^j 
in  the  surrounding  rocks.  The  filling  up  of  these  fissures  both  Igj^ 
in  the  igneous  rock  itself  and  in  the  neighboring  rocks  consti-  Iv^ 
tutes  a  pegmatite  vein.  As  a  magma  cools  and  its  minerals  Ijj^ 
crystallize,  large  amounts  of  water  vapor  are  frequently  set  free  \^ 
so  that  the  residue  of  the  still  fused  rock  material  must  contain  l;, 
much  higher  percentages  of  water  than  the  original  magma.  I }, 
Consequently  it  becomes  in  its  character  and  behavior  more  I 
like  a  solution  than  a  fused  mass.  This  would  account  for  the  1 
peculiar  features  observed  in  pegmatite  veins  which  differentiate  1 
them  from  ordinary  igneous  deposits.  \ 

The  minerals  found  in  pegmatite  veins  may  be  divided  into 
three  general  divisions.  First  come  those  minerals  which  form 
the  main  mass  of  the  deposit  and  which,  as  stated  above,  are  the 
same  as  the  prominent  minerals  of  the  igneous  rock  with  which 
the  pegmatite  dike  is  associated.  These  are  commonly  qmr^) 
a  feldspar  which  is  usually  either  orthoclase  or  microdiney  but 
may  be  albite^  and  a  mica  which  may  be  either  muscovik  or 
hiotite.  Garnet  is  also  at  times  in  a  smaller  way  a  characteristic 
constituent.  Second  comes  a  series  of  rare  minerals  which  are, 
however,  quite  commonly  observed  in  pegmatite  deposits,  and 
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^  are  characterized  by  the  presence  in  them  of  fluorine, 
«a  or  hydroxyl.  Their  presence  in  the  veins  indicates  also 
gases  under  hirfi  pressures  have  been  instrumental  in  their 
Nation.  The  imnerals  of  this  type  include  beryl,  tourmaliney 
^ite  and  flvmite.  A  third  class  of  minerals  found  in  pegmatite 
L8  includes  species  containing  rare  elements  such  as  hthium, 
ybdenum,  tin,  niobium  and  tantalum,  the  rare  earths,  etc. 
sse  are  minerals  which  are  rarer  still  in  their  occurrence,  but 
sn  they  do  occur  are  usually  to  be  found  in  pegmatite  deposits, 
i  most  important  members  of  this  group  are  molybdenitef 
doLiie,  spodumene,  triphylite,  columbite,  cassiterite  and  monazite. 
tecause  of  the  frequent  occurrence  in  pegmatite  veins  of  the 
3  minerals  mentioned  above,  some  of  which  are  often  found 
sly  colored  and  well  crystalUzed,  these  deposits  are  of  particu- 
interest  to  students  of  mineralogy.  Pegmatite  veins  are  also 
commercial  importance,  for  it  is  from  them  that  most  of  the 
Ispar  and  mica  used  in  the  arts  are  obtained.  Many  ^beautiful 
1  stones,  such  as  beryl  and  tourmaline,  are  also  found  in  them, 
^natite  veins  are  widely  distributed  in  their  occurrence,  being 
ost  universally  found  wherever  plutonic  igneous  rocks  are 
osed.  Important  districts  for  pegmatite  veins  in  the  United 
tes  include  the  New  England  states,  the  Black  Hills  in'  South 
:ota  and  Southern  CaHfomia. 

Contact  Metamorphic  Minerals. 

rhen  an  igneous  rock  magma  is  intruded  into  the  earth's  crust, 
Pluses  through  the  attendant  heat  and  pressure  a  greater  or 
alteration  in  the  surrounding  rock.  This  alteration,  or 
amorphism,  of  the  rocks  lying  next  to  an  igneous  intrusion 
Uly  consists  partly  in  the  development  of  new  and  charac- 
stic  mineral  species.  The  minerals  that  are  formed  under 
le  conditions  are  known  as  contact  metamorphic  minerals, 
e  they  are  produced  by  a  metamorphic  change  and  are  to 
bund  at  or  near  the  contact  hne  between  the  rock  in  which 
r  lie  and  an  igneous  rock.  Any  rock  into  which  an  igneous 
8  is  intruded  will  be  affected  in  a  greater  or  less  degree,  the 
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amount  and  character  of  the  change  depending  chiefly  upon  tk 
size  of  the  intruded  mass  and  upon  the  chemical  and  physical 
character  of  the  surrounding  rock.     The  most  striking  and  im- 
portant contact  metamorphic  changes   take  place  when  the 
igneous  rock  is  intruded  into  impure  limestones.    When  a  pure, 
limestone  is  affected,  it  is  recrystallized  and  converted  into  a 
marble,  but  without  any  development  of  new  species.    But,  on 
the  other  hand,  in  the  case  of  an  impure  limestone  the  heat  and 
pressure  caused  by  the  igneous  intrusion  will  serve  to  develop 
new  and  characteristic  minerals  in  the  rock.     An  impure  lime- 
stone will  ordinarily  contain,  besides  the  calcium  carbonate  of  the 
rock,  varying  amounts  of  quartz,  clay,  iron  oxide,  etc.    Under 
the  influence  of  the  heat  and  pressure  these  materials  will  com- 
bine with  the  calcium  carbonate  to  form  new  minerals.    For 
instance,  the  calcite  and  quartz  may  react  together  to  form 
wollastonite,  CaSiOa.     If  the  limestone  contains  dolomite,  the 
reaction  of  this  mineral  with  quartz  may  produce  pyroxene, 
(Ca,Mg)Si03.     If  clsLy  is  present,  aluminium  will  enter  into  the 
reaction  and  such  minerals  as  spinel,  MgAl204,  and  grossularite, 
Ca3Al2Si30i2,  may  result.     If  any  carbonaceous  materials  are 
present,  the  effect  of  the  metamorphism  may  convert  them  into 
graphite.     The  conmaon  contact  metamorphic  minerals  found 
in  hmestone  are  as  follows:  graphite j  spinel,  corundum^  woUas- 
tonikf  tremolite,  pyroxene  and  the  lime  garnets,  grossidarUe  and 
andradite. 

As  mentioned  in  a  preceding  paragraph,  an  igneous  rock  in 
cooling  often  gives  off  large  amounts  of  mineralizing  vapors. 
These  consist  largely  of  water  vapor,  but  often  include  boron 
and  fluorine  gases.  Under  the  influence  of  these  vapors,  other 
minerals  are  often  formed  in  the  contact  zone  of  a  limestone. 
These  particular  minerals  are  commonly  spoken  of  as  pneumato- 
lytic  minerals,  since  they  are  formed,  partly  at  least,  through  the 
agency  of  mineral  gases.  They  consist  chiefly  of  calcium  and 
aluminium  silicates  which  contain  hydroxyl,  fluorine  or  boron. 
The  most  conunon  of  the  pneumatolytic  contact  minerals  are 
chondrodite,  vesvmanite,  scapolite,  phlogopitCf  tourmaline  and 
fluorite. 
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Veins  and  Vein  Minerals. 

jst  of  the  important  mineral  deposits,  especially  those  that 
sh  the  valuable  metals,  are  found  in  what  are  known  as 
.  A  brief  discussion  of  veins  and  vein  minerals  follows. 
e  rocks  of  the  earth's  crust  have  many  openings  existing 
a  them.  These  openings  vary  in  size  from  microscopic 
s  to  cavities  of  considerable  extent.  The  openings  may  be 
liar  and  discontinuous  or  they  may  be  in  the  form  of  fissures 
L  are  continuous  for  greater  or  less  distances.  Below  a 
n  inconsiderable  depth,  these  openings  are  largely  filled  by 
.  This  underground  water,  as  it  is  termed,  slowly  circu- 
through  the  rocks  by  means  of  the  openings  in  them, 
igh  a  large  part  of  its  circulation,  the  water  must  exist  at  a 
temperature  and  pressure,  and  under  these  circumstances 
les  a  strong  solvent  and  active  chemical  agent.  Under- 
d  water  in  general  descends  slowly  through  the  smaller 
iigs  in  the  rocks,  and  then  gradually  finding  its  way  into 
igger  openings  will  at  last  enter  some  larger  fissure  and 
;ing  its  course  will  begin  to  ascend.  On  its  passage  through 
)cks,  it  will  have  dissolved  their  more  soluble  constituents, 
rhen  it  ultimately  enters  the  larger  fissures  and  conmaences 
3  wiU  be  carrying  considerable  amounts  of  dissolved  mineral 
•ial.  The  igneous  rocks  in  particular  are  important  factors 
mishing  underground  waters  ^vith  mineral  constituents 
r  because  of  the  effect  of  their  heat  upon  its  activity,  and 
r  because  they  give  off  in  the  form  of  vapors  a  large  amount 
neral  material  which  ultimately  gets  into  the  underground 
ation.  When  these  mineral  laden  waters  commence  to  rise 
J  larger  fissures,  they  slowly  come  into  regions  of  lower  pres- 
and  temperature.  Under  these  changing  conditions,  the 
'  will  not  be  able  to  retain  all  its  mineral  constituents  in 
on,  and  their  points  of  saturation  being  reached  various 
•als  will  begin  to  crystallize  out  and  be  deposited  on  the  walls 
5  fissure.  In  time,  if  the  process  continues,  the  fissure  may 
mpletely  filled  from  wall  to  wall  with  minerals  deposited 
3  way.     Such  a  filled  fissure  is  known  as  a  mineral  vein. 


h 
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Evidence  tha-t  the  minerals  of  a  vein  have  been  deposited  ta 
solution  is  given  by  the  following  facts.    Often  a  mineral  m  f.  '^ 
shows  a  distinctly  banded  or  ribboned  structure.    That  is,  the 
different  minerals  occur  in  more  or  less  regular  layers  whiclife 
parallel  to  the  walls.    This  shows  that  the  various  minerals  ba^ 
not  been  deposited  simultaneously,  but  in  a  definite  ord«  i 
succession.    Again,  frequently  it  will  be  observed  that  tlie  voa 
material  has  not  completely  filled  the  fissure,  but  that  there  are 
openings  left  along  its  central  line.     These  openings  are  tenned 
vugs  and  are  often  lined  with  crystallized  minerals.    These  con- 
ditions cannot  be  easily  explained  except  on  the  assumption  that 
the  contents  of  a  mineral  vein  have  been  deposited  from  solution. 

The  shape  and  general  physical  character  of  a  vein  depends 
upon  the  type  of  fissure  its  minerals  have  been  deposited  in,  and 
the  type  of  fissure  in  turn  depends  upon  the  character  of  the  rock 
in  which  it  Ues  and  the  kind  of  force  which  originally  caused  its 
formation.     In  a  firm  homogeneous  rock,  like  a  granite,  a  fissure 
will  be  fairly  regular  and  clean  cut  in  character.     It  is  liable  to 
be  comparatively  narrow  in  respect  to  its  horizontal  and  vertical 
extent  and  reasonably  straight  in  its  course.     On  the  other  hand, 
if  a  rock  that  is  easily  fractured  and  splintered,  like  a  slate  or 
a  schist,  is  subjected  to  a  breaking  strain,  we  are  more  liable  to 
have  formed  a  zone  of  narrow  and  interlacing  fissures,  rather 
than  one  straight  crack.     In  an  easily  soluble  rock  like  a  lime- 
stone, a  fissure  will  often  be  extremely  irregular  in  its  shape  and 
size  due  more  or  less  to  a  solution  of  its  walls  by  the  waters  that 
have  flowed  through  it. 

A  typical  vein  consists  of  a  mineral  deposit  which  has  filled  a 
fissure  soUdly  from  wall  to  wall,  and  shows  sharply  defined 
boundaries.  There  are,  however,  many  variations  from  this 
type.  Frequently,  as  observed  above,  irregular  openings  tenned 
vugs  may  occur  among  the  vein  minerals.  It  is  from  these  vugs 
that  we  obtain  many  of  our  crystallized  mineral  specimens. 
Again,  the  walls  of  a  vein  may  not  be  sharply  defined.  The  min- 
eralizing waters  that  filled  the  fissure  may  have  acted  upon  the 
wall  rocks  and  partially  dissolving  them  may  have  replaced  them 
with  the  vein  minerals.    Consequently  we  may  have  almost  a 
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gradation  from  the  unaltered  rock  to  the  pure  vein 
id  with  no  sharp  line  of  division  between.  Some  de- 
ve  been  largely  formed  by  the  deposition  of  vein  min- 
le  wall  rocks.    Such  deposits  are  known  as  replacement 

They  are  more  liable  to  be  found  in  the  soluble  rocks 
[tones.  There  is  every  gradation  possible  from  a  true 
I  sharply  defined  walls  to  a  replacement  deposit  with 

boundaries. 

neral  contents  of  a  vein  depend  chiefly  upon  the  chemi- 
osition  of  the  waters  from  which  its  minerals  have 
3d.  There  are  many  different  sorts  of  veins,  and  many 
mineral  associations  are  observed  in  them.  There  are, 
certain  minerals  and  associations  that  are  more  frequent 
Kjcurrence  to  which  attention  should  be  drawn.    The 

form  perhaps  the  most  characteristic  chemical  group 
lis  to  be  found  in  veins.  The  following  minerals  are 
mon  vein  minerals,  pyrite^  FeS2,  ckcdcopyritey  CuFeS2, 
bS,  sphalerite^  ZnS,  chakocUey  CuaS,  bornite,  Cu6FeS4, 
,  FeS2,  arsenopyrite,  FeAsS,  stibnite,  Sb2Ss,  tetrahedritef 

etc.    In  addition  to  these,  which  in  large  part  com- 

ore  minerals,  certain  nonmetallic  minerals  are  also 
y  to  be  observed.  These  being  of  no  particular  com- 
'alue  are  called  gangiie  minerals  (gangue  is  from  gang^ 
They  include  the  following :  quartz^  Si02,  caldte,  CaCOs, 

CaMg  (003)2,  siderite,  FeOOs,  baritej  BaS04,  fluoritey 
jdochrositej  MnOOs,  etc. 

comparatively  few  positive  statements  concerning  the 
»ns  of  vein  minerals  can  be  made,  the  following  points 
berest. 

d-bearing  Quartz  Veins.  Native  gold  is  most  com- 
und  in  quartz  veins.    It  may  occur  alone  in  the  quartz 

nests  or  in  finely  disseminated  particles,  or  it  may 
connection  with  certain  sulphides  in  the  veins.  The 
amon  sulphides  found  in  such  connections  are  pyrite, 
rite  and  arsenopyrite. 

d-  and  Silyer-bearing  Copper  Veins.  The  gold  and 
itent  of  these  veins  is  associated  with  the  various  copper 
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sulphides.    Frequently  the  amount  of  the  precious  metaiii 
quite  small.    The  chief  minerals  are  chalcopyrite,  tetrahi 
bomite,  chalcocite,  pyrite  and  various  rarer  silver  minerals. 

3.  Silyer-bearing  Lead  Veins.  Silver  and  lead  minerals  m 
very  commonly  associated  with  each  other.  These  veins  contrii 
such  minerals  as  galena,  argentite,  tetrahedrite,  sphalerite,  pynte^ 
calcite,  dolomite,  rhodochrosite,  etc. 

4.  Lead-sine  Veins.  Lead  and  zinc  minerals  often  occur  to- 
gether particularly  in  deposits  that  lie  in  limestones.  The  dW 
minerals  of  such  deposits  are  galena,  sphalerite,  marcasite, 
chalcopyrite,'  smithsonite,  calamine,  cerussite,  calcite,  dolonute. 

5.  Copper-iron  Veins.    Copper  and  iron  sulphides  are  (pte 
commonly  associated  with  each  other,  the  prominent  mmerab  li: 
of  such  veins  being  pyrite,  chalcopyrite,  chalcocite,  bomite,  |ti 
tetrahedrite,  enargite,  etc. 

Primary  and  Secondary  Vein  Minerals.    Secondary 

Enrichment. 

In  many  mineral  veins,  it  is  obvious  that  certain  minerals 
belong  to  the  original  vein  deposit  while  certain  others  have  been 
formed  subsequently.    These  two  classes  of  minerals  are  known 
respectively  as  Primary  and  Secondary  Minerals,    The  primary 
vein  minerals  are  those  which  were  originally  deposited  by  the 
ascending  waters  in  the  vein  fissure.    The  primary  metallic  vein 
minerals  are  comparatively  few  in  number,  the  more  important 
being  pyrite,  chalcopyrite,  galena  and  sphalerite.    The  second- 
ary vein  minerals  have  been  formed  from  the  primary  minerals 
by  some  subsequent  chemical  reaction.    This  change  is  ordi- 
narily brought  about  through  the  influence  of  oxidizing  waters 
which  coming  from  the  surface  of  the  earth  descend  through  the 
upper  portions  of  the  vein.     Under  these  conditions,  various  new 
minerals  are  formed,  many  of  them  being  oxidized  compounds. 
As  the  descending  waters  lose  their  oxygen  content  within  a 
comparatively  short  distance  of  the  earth's  surface,  the  secondary 
minerals  are  only  to  be  found  in  the  upper  part  of  a  vein.    To- 
gether with  the  formation  of  these  secondary  minerals,  there  is 
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ntly  a  downward  migration  of  the  valuable  metals  in  the 

This  is  brought  about  by  the  solution  of  the  minerals  in 
>permost  portion  of  the  vein  and  a  subsequent  reprecipi- 

a  little  farther  down.  As  the  surface  of  the  earth  is 
dly  lowered  by  erosion,  the  upper  part  of  a  vein  is  con- 
ly  being  worn  away.  But  the  metallic  content  of  the 
nost  part  of  the  vein  is  always  being  carried  downward 
5  descending  oxidizing  waters.  In  this  way,  the  metalhc 
it  of  the  upper  part  of  many  veins  has  been  notably  en- 

since  there  is  concentrated  in  this  short  space  most  of  the 
il  contents  of  hundreds,  perhaps  thousands,  of  feet  of  the 
rhich  have  been  slowly  worn  away  by  the  general  erosion 

country.  Consequently  the  zone  of  the  secondary  vein 
lis  is  also  frequently  a  zone  of  secondary  enrichment, 
s  an  important  fact  to  be  borne  in  mind  since,  because  of 

upper  two  or  three  hundred  feet  of  a  vein  are  ordinarily 
hest  portion  of  a  deposit.  The  ore  below  that  depth  grad- 
•everts  to  its  original  unaltered  and  unenriched  character 
Ay  frequently  prove  too  low  in  value  to  warrant  its  being 
.  The  prevalent  idea  that  the  ore  of  a  vein  must  increase 
le  with  increasing  depth  is  not  true  in  the  great  majority 

3S. 

rill  be  of  interest  to  consider  the  more  important  primary 
ainerals  and  the  secondary  minerals  that  are  commonly 
i  from  them. 

iron  Minerals.  The  common  primary  vein  iron  mineral  is 
,  FeSj.  Marcasite,  FeS2,  while  not  so  common  in  occur- 
is  also  a  primary  mineral.  When  oxidized,  these  minerals 
ordinarily  the  hydrated  oxide  hmonite,  Fe403[OH]6.    The 

portion  of  a  vein  that  was  originally  rich  in  pyrite  will 
show  a  cellular  and  rusty  mass  of  limonite.  This  limonite 
t  near  the  surface  is  commonly  termed  gossan.  The  yel- 
isty  character  of  the  outcrop  of  many  veins  enables  one 
ntly  to  locate  them  and  to  trace  them  across  the  country. 
:#opper  Minerals.    The  one  common  primary  copper  min- 

chalcopjrrite,  CuFeS2.  At  times,  some  of  the  other  sul- 
I  may  be  primary  in  their  origin,  but  this  is  not  generally 
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the  case.  The  secondary  formation  of  bomite  and  chalcociie 
may  be  explained  as  follows.  The  copper  sulphide  existing  in 
the  original  chalcopyrite  is  oxidized  by  the  descending  waters  at 
the  surface  to  copper  sulphate  which  is  then  dissolved  and  carried 
farther  down  the  veih.  Here  it  comes  in  contact  with  unaltered 
chalcopyrite  and  a  reaction  takes  place  which  enriches  the  sul- 
phide, changing  it  to  bomite,  Cu(FeS4.  Later,  more  copper 
sulphate  in  solution  comes  in  contact  with  the  bomite  and  a 
further  enrichment  takes  place  with  the  formation  of  chalcocite, 
CU2S.  In  each  case,  there  is  an  interchange  of  metals,  the  iron 
in  the  original  sulphide  going  into  solution  as  a  sulphate  tiuis 
taking  the  place  of  the  copper  which  has  been  precipitated.  If 
the  copper  deposit  lies  in  limestone  rocks,  we  cbnmionly  find  the 
various  carbonates  and  oxides  of  copper  also  formed  in  the  upper 
parts  of  the  deposit.  The  secondary  copper  minerals  therefore 
include  chalcocite^  CU2S,  bomite^  CujFeS4,  native  cappeTj  Cu,  ciir 
pritey  CU2O,  malachitey  (Cu.0H)2C0i,  azurUe,  Cu(Cu.OH)i(C0i)i, 
chrysocoUa,  CuSi08.2H20,  chakarUhUe,  CuS04.5HjO. 

3.  Lead  Minerals.  The  one  primary  lead  mineral  is  galena, 
PbS.  The  secondary  minerals  of  lead  are  all  oxidized  compounds 
and  include  the  following:  cerussitey  PbCOs,  angUsUe,  PbSO*, 
pyromorphite,  Pb4(PbCl)(P04)8,  wvlfenitey  PbMo04. 

4.  Zinc  Minerals.  Sphalerite,  ZnS,  is  the  only  common  prim- 
ary zinc  mineral.  The  chief  secondary  minerals  are  smvthsoniU, 
ZnCOa,  and  calamine^  H2(Zn20)Si04. 

5.  Silver  Minerals.  Probably  most  of  the  sulphide  minerals 
of  silver  are  primary  in  their  origin.  The  following  minerals  are 
usually  secondary,  although  native  silver  at  times  appears  pri- 
mary; naiive  silver ,  Ag,  cerargyriU,  AgCl,  embolite,  Ag(Cl,Br),  etc. 

Lists  of  Minerals  Arranged  According  to  Systems 

of  Crystallization. 

In  the  following  tables  the  minerals  which  are  described  in  this 
book  are  listed  according  to  the  system  of  crystallization  to  which 
they  belong.  The  order  in  which  they  are  given  is  according  to 
the  chemical  classification  adopted  in  this  book. 
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ISOMETRIC  SYSTEM:  NORMAL  CLASS. 

Elements. 


>•  Diamond,  C. 
I,  Gold,  Au. 
t.  SilTor,  Ag. 


L  Galena,  PbS. 

2.  Argentite,  AgiS. 

I.  Pentlandite,  (Ni,Fe)S. 


4.  Copper,  Cu. 

5.  Platinum,  Pt. 

6.  Iron,  Fe. 


Sulphides. 

4.  Bomite,  Cu6FeS4. 

5.  Linnaeite,  C03S4. 


L.  Halite,  NaCl. 

I.  Sylvite,  KCl. 

J.  Cerargyrite,  AgCl. 


Chlorides,  etc. 

4.  EmboUte,  Ag(Cl,Br). 

5.  Fluorite,  CaF2. 


L.  Senannontite,  Sb203. 
I.  Cuprite,  CU2O. 

Spinel  Groupy  R^R^'aO* 
or  R"O.R'"203. 
)•   Spinel,  MgAl204. 


Oxides. 

4.  Gahnite,  Z11AI2O4. 

5.  Magnetite,  Fe304. 

6.  Franklinite,  (Fe,Mn,Zn) 
(Fe,  Mn)204. 

7.  Chromite,  (Fe,Mg)Cr204. 


Silicates. 


L.  Leucite,  EAl(Si0,)2. 

2.  Analcite,NaAl(Si0s)2.H20. 

3.  Sodalite, 

Na4(AlCl)Al2(Si04)3. 

4.  Lazurite, 

Na4(Al.NaS3)Al2(Si04).. 


5.  Oamet  Group,  R3R2  (8104)3. 
Grossularite,  Ca3Al2 (8104)3. 
Pyrope,  MgsAlz  (8104)3. 
Almandite,  Fe3Al2(8104)3. 
Spessartlte,  MnsAU  (8104)3. 
Andradlte,  Ca3Fe2 (8104)3. 
Uvarovite, 

Ca3(Cr,Al)2(S104)3. 


Uranate. 

1.  Uraninite,    UO3   and    UO2  with  Th,  Y,  Ce,  Pb,  He,  Ra. 


356 


MANUAL  OF  MINERALOGY 


ISOMETRIC  SYSTEM:  PYRITOHEDRAL  CLASS. 

Su^ihides,  etc. 


1.  Pyrite,FeS,. 

2.  Smaltite,  CoAss. 

3.  Chloanthite,  NiAss. 


4.  Cobaltite,  CoAsS. 

5.  Grersdorffite,  NiAsS. 

6.  Sperrylite,  PtAsj. 


Sulphate. 

1.  Kalinite,  Alum,  KAl(SO4)t.l2H,0. 

ISOMETRIC  SYSTEM:  TETRAHEDRAL  CLASS. 

Sulphides,  etc. 


1.  Sphalerite,  ZnS. 

2.  Tiemannite,  HgSe. 


3.  Alabandite,  MnS. 


Sulphantimonites,  Sulpharsenites. 


1.  Tetrahedrite, 

CusSbaS;  =  4Cu,S.Sb,S,. 


2.  Tennantite, 

Cu8As,S7=4Cu^.As,Si. 


Borate. 
1.  Boracite,  MgyCUBieOjo. 

TETRAGONAL  SYSTEM:   NORMAL  CLASS. 

Sulphide. 

1.  Stannite,  CurFeSnSi. 

Oxides  and  Closely  Related  Silicates  and  Phosphates 


1.  Octahedrite,  Ti02. 

2.  Cas8iterite,Sn02orSiiSn04. 

3.  RutUe,  TiOa  or  TiTi04. 


4.  Zircon,  ZrSi04. 

5.  Thorite,  ThSi04. 

6.  Xenotime,  YPO4. 


Carbonate. 

1.  Phosgenite,  (PbCl)2C0,. 

Silicates. 


1.  Vesuvianite,  Complex 

Ca,Mg,Na,Al,Fe  silicate. 


2.  Apophyllite, 

H:KCa4(SiO,)8.4H,0. 
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CETRAGONAL  SYSTEM :  TRI-PYRAMIDAL  CLASS. 

Silicate. 
L.   Wemerite  or  Scapolite,  CaiAlsSieOss  with  Na4Al3Si9024Cl. 

Tungstate  and  Molybdate. 

•    ScheeUte,  CaW04.  |  2.  Wulfenite,  PbMo04. 

TETRAGONAL  SYSTEM:  SPHENOIDAL  CLASS. 

Sulphide. 
1.  Chalcopsrrite,  CuFeSs. 

HEXAGONAL  SYSTEM:  NORMAL  CLASS. 

Sulphides. 


1.  Molybdenite,  MoSs. 

2.  Covellite,  CuS. 


3.  Pyrrhotite,  FenSji. 


Silicates. 


1.  Beryl,    Be^/y3(SiO,)6   with 
some  [OH]?. 


2.  NepheUte,  NaAlSi04. 
(Approx.) 


HEXAGONAL  SYSTEM:  HEMIMORPHIC  CLASS. 

Sulphides,  etc. 

I.  Greenockite,  CdS.  |  2.  NiccoUte,  NiAs. 

Oxide. 

1.  Zincite,  ZnO  with  MnO. 

HEXAGONAL  SYSTEM:  TRI-PYRAMIDAL  CLASS. 

Phosphates,  etc. 
Apatite  Group. 


I.  Apatite,  Ca4(CaF)(P04),. 
!.  Pyroxnorphite, 

Pb4(PbCl)(P04)3. 


3.  Mimetite, 

Pb4(PbCl)(As04)8. 

4.  Vanadinite, 

Pb4(PbCl)(V04),. 
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HEXAGONAL  SYSTEM:  RHOMBOHEDRAL  CLASS. 

NORMAL  DIVISION. 

Elements. 


4.  Bismuth,  Bi. 

5.  Tellurium,  Te. 


1.  Graphite,  C. 

2.  Arsenic,  As. 

3.  Antimony,  Sb. 

Sulphides,  Sulphantimonites,  Sulpharsenites. 


1.  MiUerite,  NiS. 

2.  Pyrargyrite, 

AgiSbSs  or  3Ag,S.Sb,Ss. 


3.  Proustite, 

AgsAsSs  or  3Ag3SAs^ 


Oxides,  Hydroxides. 


1.  Corunduxn,  AlsOt. 

2.  Hematite,  FesOt. 


1.  Calcite,  CaCOa. 

2.  Dolomite,  CaMg(C08)s 

(tri-rhombohedral) . 

3.  Magnesite,  MgC0«. 


3.  Brucite,  Mg(0H)2. 


Carbonates. 
Calcite  Group. 

4.  Siderite,  FeCO«. 

5.  Bhodochrosite,  MnCC 

6.  Smithsonite,  ZnCOi. 


1.  Tourmaline, 

R»Al,(B.0H),Si40i» 
(hemimorphic). 


Silicates. 

2.  Chabazite, 

(Ca,Na,)Al,Si40i,.6I 


Nitrate. 
1.  Soda-niter,  NaNOt. 

HEXAGONAL  SYSTEM:  RHOMBOHEDRAL  CLAJ 
TRI-RHOMBOHEDRAL  DIVISION. 

Titanate. 

1.  Ilmenite,  FeTiO,. 

Silicates. 

L   Willemite,  ZnaSi04.  |  2.  Phenacite,  Be,SiO«. 
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"^XAGONAL  SYSTEM:  RHOMBOHEDRAL  CLASS. 
TRAPEZOHEDRAL  DIVISION. 

Sulphide. 
1.  Cinnabar,  HgS. 

Oxide. 
1.  Quartz,  SiOs. 

ORTHORHOMBIC  SYSTEM. 

Element. 

1.  Sulphur,  S. 

Sulphides,  etc. 

4.  Stromeyerite,  CuAgS. 

5.  Marcasite,  FeSa. 

6.  Arsenopyrite,  FeAsS. 


X.  Stibnite,  Sb,S«. 
^.  Bismuthinite,  BisSi. 
^.  Chalcocite,  CuiS. 


Sulphantimonites,  etc. 


1.  Boumonite,  (Pb,Cui)«Sb^6 
or  3(Pb,Cu,)S.Sb,S,. 


2.  Stephanite,  Ag6SbS4  or 
5Ag2S.SbaS^ 


Sulpharsenate. 
1.  Enargite,  Cu»AsS4  or  SCuaS-AsiSfi. 

Chlorides. 
1.  Atacamite,  Cu,Cl(OH),.         |  2.  CarnalUte,  KMgCU.eHjO. 

Oxides,  Hydroxides. 


1.  Chrysoberyl,  BeAls04. 

2.  Brookite,  TiO,. 

3.  Diaspore,  AljOaCOH),. 

4.  Ooethite,  FesO,(OH),. 


5.  Manganite,  Mn202(OH)2. 

6.  Pyrolusite,      MnOa     with 

about2%H20.    (Pseudo- 
morphous.) 


Carbonates. 
Aragonite  Group. 


1.  Aragonite,  CaCOg. 

2.  Strontianite,  SrCO,. 


3.  Witherite,  BaCO,. 

4.  Cerussite,  PbCO,. 


360 


MANUAL  OF  MINERALOGY 


Silicates. 


1.  Enstatite,  Bronzite, 

Hypersthene, 
MgSiO„(Mg,Fe)SiO,. 

2.  Anthophyllite,(Mg,Fe)SiO,. 

3.  lolite, 

(Mg,Fe)4AU(Al.OH),(Si,O0». 

4.  ChrysoUte,  (Mg,Fe)2Si04. 

5.  Danburite,  CaB,(Si04)i. 

6.  TopaE,  (Al(F.0H)),Si04. 

7.  Andalusite,  (A10)AlSi04. 

8.  Zoisite, 

Ca(A1.0H)Al,(Si04), 


9.  Prehnite,  HsCaiAl,(Si04)i. 

10.  Calamine, 

H,(Zn,0)Si04  (hemimor- 
phic). 

11.  Staurolite, 
(Mg,Fe)(A1.0H)  (AlOiCSid),. 

12.  Sillimanite,  Al,SiO». 

13.  NatroUte, 

Na,Al,SuOio.2H,0. 

14.  Thomsonite 
(Na,,Ca)Al,(SiO4)«.2iH,0. 


Niobate,  Tantalate. 
1.  Columbite-tantaUte,  (Fe,Mn)(Nb,Ta)A. 


Phosphates,  etc. 


1.  Triphylite-lithiophilite, 

Li(Fe,Mn)P04. 

2.  OUvenite,  Cu(Cu.0H)As04. 


3.  Scorodite,  FeAsO4.2H,0. 

4.  Wavellite, 

(Al.OH),(PO4)2.5H,0. 


1.  Barite,  BaS04. 

2.  Celestite,  SrS04. 

3.  Anglesite,  PbS04. 


Nitrate. 
1.  Niter,  KNO,. 

Sulphates. 

4.  Anhydrite,  CaS04. 

5.  Brochantite,  Cu4(OH)«S04. 


MONOCLINIC  SYSTEM. 
Sulphides,  Tellurides. 


1.  Realgar,  AsS. 

2.  Orpiment,  AsjSt. 


3.  Sylvanite,  AuAgTe4. 

4.  Calaverite,  AuTet. 
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Sulphantimonite. 

1.  Polybasite,  Ag^SbSe. 

Fluoride. 
1.  CryoUte,  NasAlFe. 

Hydroxide. 

1.  Gibbsite,  Al(OH),. 


Carbonates. 


alachite,  (Cu.0H)2C0,. 
!urite,Cu(Cu.0H)2(C0,),. 
irichalcite, 
a,Cu)C0,.3(Zn,Cu)  (OH),. 


I  4.  Gay-Lussite, 


Na,C0,.CaC0,.5H,0. 


Silicates. 


rthoclase,  KAlSi^Os. 
rroxene   Group,    R"SiOt 
(R  =  Ca,Mg,Fe). 
girite,  NaFeCSiO,),. 
deite,  NaAl(SiO«)2. 
»oduxnene,  LiAl(SiOs)2. 
ollastonite,  CaSiOs. 
ictoUte,  HNaCa2(Si03)3. 


8.  Amphibole  Group, 

R"SiO,(R=Ca,Mg,Fe). 

9.  Datolite,  Ca(B.0H)Si04. 

10.  Epidote, 

Ca2(A1.0H)Al2(Si04)3. 

11.  Allanite, 

Ca2(AI.0H)(Al,Fe,Ce,La,Di), 
(SiO*),. 


Hydrated  Silicates. 


3ulandite, 

H4CaAl2(SiO,)6.3H20. 

irmotome, 

(K2,Ba)Al2Si60,4.5H20. 

Ubite, 

(^Ta,,Ca)Al,Si60ie.6H20. 


4.  Laumontite, 

H4CaAl2Si40i4.2HaO. 

5.  Scolecite, 

CaAl2Si,Oio.3H20. 
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Foliated,  Micaceous  Silicates. 


1.  Muicoyite,  H,KAU(Si04)i. 

2.  Lapidolite, 

KU(A1.2(OH,F))Al(SiO,),. 

3.  Biotite, 

(H,K),(Mg,Fe),Al,(Si04),; 

4.  Phiogopite, 

H2KMg,Al(Si04)«?. 

5.  Lepidomelane, 

(H,K),Fe,(Fe,Al)4(Si04)6?. 


6.  Maigarite,  HsCaAl^SisOi}. 

7.  Clinochlora,  Chlorite, 

HsMg^tSiaOi,. 

8.  Serpentine,  HiMgiSiiOf 

9.  Kaolin,  H4Al,Si>0,. 

10.  Talc,  HJ^g,(SiO,)4. 

11.  PyrophyUite,  H,Al,(SiO,). 


Titanosilicate. 
1.  Titanite,  CaTiSiOt. 


Phosphates. 


1.  Monazite,  (Ce,La,Di)P04 

with  ThSi04. 

2.  Lazulite, 

Mg(A1.0H),(P04)2. 


3.  Vivianite, 

Fe,(P04)2.8H,6. 


1.  Colemanite, 

Ca2BeOn.5H,0. 


Borates. 

2.  Borax,  Na2B4Or.l0H,0. 


1.  Glauberite,  Na2Ca[S04]j. 

2.  Crocoite,  PbCr04. 


Sulphates,  Chromates. 

3.  Gypsum,  CaSO4.2H,0. 


Ttmgstates. 
1.  Wolframite,  FeWO*.  |  2.  Hubnerite,  MnW04. 
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TRICLINIC  SYSTEM. 
Silicates. 


.  Hicrocline,  KAlSisOg. 

Plagiodaae  Feldspars. 
'.  Albite,  NaAlSiaOs. 

•  Oligoclase,  3  Albite,  1  An- 

orthite. 

•  Andesite,  1  Albite,  1  An- 

orthite. 


5.  Labradorite,  1  Albite,  3  An- 

orthite. 

6.  Anorthite,  CaAl2Si208. 

7.  Rhodonite,  MnSiOs. 

8.  Cyanite,  AlaSiOs. 

9.  Axinite,  Ca7Al4B,(Si04)8. 


,    Phosphate. 

1.  Amblygonite,  Li(AlF)P04. 

Sulphate. 
1.  Chalcanthite,  CUSO4.5H2O. 

AMORPHOUS  OR  MASSIVE  MINERALS. 
Oxides,  Hydroxides. 


Opal,  Si02,  generally  with  3 

to  9%  H,0. 
Turgite,  Fe40,(OH)2. 
Limonite,  Fe40«(OH)6. 


4.  Bauxite,  Al20(OH)4. 

5.  Psilomelane,     Mn02     with 

MnO,  BaO,  CoO,  H2O, 
etc. 


Gentliite,    Gamierite, 
Ni,Mg,  silicates. 


Silicates. 

2.  ChrysocoUa,    CuSiO,.2H20. 


Phosphate. 
1.  Turquois,  H(A1.20H)2P04  with  H(Cu.0H)^04. 


V.   DETERMINATIVE  MINERALOGY. 

INTRODUCTION. 

Determinative  Tables  for  minerals  are  of  two  kinds:  (1)  thoee 
which  rely  chiefly  upon  chemical  tests,  and  (2)  those  which  make 
use  solely  of  physical  tests.  Obviously,  since  the  chemical  coin- 
position  of  a  mineral  is  its  most  fundamental  property/ those 
tables  which  emphasize  chemical  tests  are  much  the  more  satis- 
factory. On  the  other  hand,  the  tables  which  depend  wholly 
upon  physical  tests  have  distinct  limitations  beyond  which  it  is 
impossible  to  use  them.  These  latter  tables  have,  however,  the 
important  advantages  that  their  tests  are  simpler,  more  readily 
and  quickly  performed,  and  do  not  require  the  equipment  of  a 
laboratory.  For  these  reasons  physical  determinative  tables 
probably  have  a  wider  use,  in  spite  of  their  limitations,  than  those 
that  involve  chemical  tests. 

The  character  and  purpose  of  this  book  forbid  the  inclusion  of 
elaborate  chemical  tables  and  require  instead  the  introduction 
of  physical  tables  of  as  simple  a  form  as  possible.  Such  tables 
must,  however,  be  used  with  a  thorough  understanding  of  their 
nature  and  their  inherent  disadvantages.  Many  of  the  physical 
properties  of  minerals  are  not  entirely  fixed  in  their  character. 
Color,  for  instance,  is  frequently  an  extremely  variable  property. 
Hardness,  while  more  definite,  may  vary  to  a  slight  extent,  and 
by  a  change  in  the  structure  of  a  mineral  may  appear  to  vary 
much  more  widely.  Cleavage  is  a  property  which  may  often 
be  obscured  by  the  physical  condition  of  the  mineral.  Conse- 
quently in  making  a  determination  of  a  mineral  by  means  of  its 
physical  properties  alone,  it  is  necessary  to  have  a  fairly  typical 
specimen  and  one  which  is  of  sufficient  size  to  enable  its  charac- 
ters to  be  definitely  seen.  Often,  moreover,  it  will  be  impossible 
by  the  aid  of  such  tables  to  positively  differentiate  between  two 
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p  three  similar  species.  Frequently,  however,  in  such  cases  the 
escriptions  of  these  possible  minerals  given  in  Section  IV  will 
Kiable  one  to  make  a  definite  decision.  Moreover,  the  tables 
bat  follow,  used  in  connection  with  the  chemical  tests  given 
•ilder  the  description  of  minerals  in  Section  IV,  together  with 
Ufi  more  detailed  explanations  of  the  various  tests  to  be  found  in 
Section  III,  may  serve  as  a  substitute  for  more  elaborate  chemical 
ables. 

The  Determinative  Tables  given  beyond  have  been  made  as 
>lief  and  simple  as  possible.  Only  the  common  species  or  those 
^hich,  while  rarer  in  occurrence,  are  of  economic  importance 
lave  been  included.  The  chances  of  having  a  mineral  to  deter- 
Kiine  that  is  not  included  in  these  tables  are  small,  but  it  must 
le  borne  in  mind  that  there  is  such  a  possibility.  The  names 
ii  the  minerals  have  been  printed  in  three  different  styles  of 
rype,  as  (see  page  373)  chalcocitb,  argentite  and  stephanite,  in 
)rder  to  indicate  theur  relative  importance  and  frequency  of 
3ccurrence.  Whenever  it  was  felt  that  difficulty  might  be  ex- 
perienced in  correctly  placing  a  mineral,  it  has  been  included  in 
tiie  two  or  more  possible  divisions.  Usually,  however,  for  the 
sake  of  brevity,  the  detailed  description  of  such  a  mineral  has 
been  printed  in  full  only  upon  one  page. 

On  page  369  will  be  found  a  General  Classification  of  the 
tables.  The  proper  division  in  which  to  look  for  a  mineral  is  to 
be  determined  by  means  of  the  tests  indicated  there.  The  tables 
are  divided  into  two  main  sections  depending  upon  the  luster  of 
the  minerals  in  them.  The  first  division  includes  those  minerals 
which  have  a  Metallic  or  Submetallic  Luster.  By  that  is  meant 
those  minerals  which  on  their  thinnest  edges  remain  opaque 
and  which  consequently  will  give  black  or  dark-colored  "streaks'* 
when  they  are  rubbed  across  a  piece  of  unglazed  porcelain,  the 
so-called  streak  plate.  Nonmetallic  minerals  are  those  which 
are  transparent  upon  their  thinnest  edges,  and  which  therefore 
give  either  a  colorless  or  a  light-colored  streak.  It  is  to  be 
noted  that  the  color  of  the  streak  cannot  always  be  foretold 
from  the  color  of  the  mineral  itself.  Frequently  a  dark-colored 
mineral  will  be  found  to  give  a  light-colored  streak. 
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The  tables  are  next  subdivided  according  to  hardness,  llrp  z 
tests  used  in  the  General  Classification  are:  (1)  minerals  that « 
soft  enough  to  leave  a  mark  when  rubbed  across  a  piece  of  papei; 
(2)  minerals  that  can  be  scratched  by  the  finger  nail;  (3)  tho* 
that  can  be  cut  by  a  cent;  (4)  minerals  that  are  softer  thanliN 
steel  of  the  blade  of  an  ordinary  pocket  knife;  (5)  and  (6)  mr 
erals  that  are  harder  than  a  knife  but  can  or  cannot  be  scratdied 
by  quartz.    In  applying  the  tests'  for  hardness,  certain  precao- 
tions  should  be  observed.    Before  deciding  upon  the  relattre 
hardness  of  a  mineral,  it  is  wpll  to  try  the  test  if  possible  in  two 
ways.    For  instance,  if  a  mineral  is  apparently  scratched  by  tiie 
edge  of  a  cent  make  sure  on  the  other  hand  that  the  cent  cannot 
be  scratched  by  the  mineral.    Further,  the  cent  and  the  knife 
blade  used  in  making  the  tests  should  be  bright  and  clean,  other- 
wise the  rubbing  off  of  a  layer  of  dirt  or  tarnish  might  be  mis- 
taken for  a  scratch.    In  the  tables  themselves,  the  luurdneas 
of  the  minerals  is  given  in  terms  of  the  Scale  of  Hardness,  see 
page  61.    The  possession  of  specimens  of  the  minerals  of  this 
scale,  so  that  the  hardness  of  a  mineral  could  be  closely  deter- 
mined, would  frequently  be  of  great  assistance  in  the  use  of  the 
tables.     Lastly,  it  is  to  be  remembered  that  the  physical  con- 
dition of  a  mineral  may  apparently  change  its  hardness.    For 
instance,  minerals  that  occur  at  times  in  pulverulent  or  fibrous 
forms  will  under  these  conditions  appear  to  be  much  softer  than 
when  in  their  more  usual  form.    Also  the  chemical  alteration 
of  a  mineral  will  commonly  change  its  hardness. 

The  minerals  with  nonmetaUic  luster  are,  in  general,  further 
subdivided  according  to  whether  they  show  a  prominent  cleavage 
or  not.  This  will  frequently  be  a  difficult  decision  to  make.  It 
will  require  some  practice  and  experience  before  one  can  always 
make  the  determination  rapidly  and  accurately.  Note  that  the 
minerals  are  divided  according  to  whether  they  show  a  prominent 
cleavage  or  not.  Minerals  in  which  the  cleavage  is  imperfect 
or  ordinarily  obscure  are  included  with  those  that  have  no  cleav- 
age. It  will  always  be  best,  if  it  is  possible,  to  actually  try  to 
produce  a  cleavage  upon  the  specimen  rather  than  to  judge  from 
its  appearance  alone.    If  a  mineral  shows  a  cleavage,  the  num- 
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of  the  cleavage  planes,  their  relations  to  each  other  and  to 
crystal  forms  present,  etc.,  are  to  be  noted.  As  far  as  pos- 
9ble,  the  minerals  in  which  the  cleavage  may  become  obscure, 
*^eacu9e  of  certain  conditions  of  structure,  have  been  included 
t^  both  divisions. 

The  minerals  which  fall  in  any  one  of  the  different  divisions 
tf  the  tables  have  been  arranged  according  to  various  methods. 
4  some  cases,  those  that  possess  similar  cleavages  have  been 
Eiac^>ed  together;  frequently  color  determines  their  order,  etc. 
(The  colimm  farthest  to  the  left  will  indicate  the  method  of 
tarangement  used  in  each  section.  Most  of  the  different  prop- 
Mies  listed  and  the  more  general  facts  included  under  the 
headings,  Crystallization  and  Structure  and  Remarks,  need  no 
Qq)ecial  explanation.  A  few  words,  however,  may  be  said  con- 
oeming  the  column  headed  Specii&c  Gravity.  For  a  discussion 
of  specific  gravity  and  the  methods  for  its  accurate  determina- 
tion, see  page  62.  If  the  specimen  to  be  determined  is  of  suffi- 
cient size  and  is  pure,  its  approximate  specific  gravity  can  be 
detennined  by  simply  weighing  it  in  the  hand.  In  order  to  do 
this,  however,  will  require  some  experience.  Below  is  given  a 
list  of  common  minerals  which  show  a  wide  range  of  specific 
gravity.  By  experimenting  with  specimens  of  these,  one  can 
become  quite  expert  in  the  approximate  determination  of  the 
specific  gravity  of  any  mineraL 

Halite,  2.14  Limonite,  3.80  Cerussite,  6.51 

Gsnpsum,  2.32  Corundum,  4.03  Cassiterite,  6.95 

Orthoclase,  2.56  Chalcopyrite,  4.20  Galena,  7.50 

Calcite,  2.72  Barite,  4.48  Cinnabar,  8.10 

Fluorite,  3.18  Pyrite,  5.03  Copper,  8.84 

Topaz,  3.53  Chalcocite,  5.75  Silver,  10.60 

When  the  subdivisions  of  the  tables  are  studied,  the  following 
interesting  and  important  facts  are  to  be  noted.  The  majority 
of  the  minerals  with  metallic  luster  are  sulphides.  Most  of  them 
are  softer  than  a  knife.  The  only  sulphides  that  are  harder  than 
a  knife  are  Pyrite,  Marcasite  and  Arsenopyrite.  The  greater 
part  of  minerals  with  metallic  or  submetaUic  luster  that  are 
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harder  than  a  knife  are  oxygen  compounds  of  iron.  Amongthe 
minerals  with  nonmetallic  luster,  it  is  to  be  noted  that  thoee 
which  are  harder  than  a  knife  are,  with  very  few  exceptions, 
either  silicates  or  oxides.  Comparatively  few  silicates  are  to  be 
found  among  the  minerals  of  nonmetallic  luster  which  are  softer 
than  a  knife.  It  is  to  be  further  noted  that  the  majority  of  such 
silicates  contain  water  in  some  form.  On  the  other  hand, 
the  greater  part  of  the  carbonates,  sulphates,  phosphates,  ete] 
are  to  be  found  in  these  sections. 


ENERAL  CLASSIFICATION  OF  THE 

TABLES. 

A.  METALLIC  OR  SUBMETALLIC  LUSTER. 

:.  Very  Soft.    Will  Readily  Leave  a  Mark  on  Paper, 

p.  370. 
;.   Can  be  Scratched  by  a  Knife,  but  Will  not  Readily 

Leave  a  Mark  on  Paper,  p.  372. 
;.   Cannot  be  Scratched  by  a  Knife,  p.  382. 

B.  NONMETALLIC  LUSTER. 

:.   Minerals  which  Give  a  Definitely  Colored  Streak, 

p.  386. 
:.   Minerals  which  Give  a  Colorless  Streak. 

1.  Can  be  scratched  by  the  finger  nail,  p.  392. 

2.  Cannot  be  scratched  by  the  finger  nail,  but  can 

be  scratched  by  a  cent. 

a.  Show  a  prominent  deavage,  p.  396. 
6.  Do  not  show  a  prominent  deavage. 

L  A  small  splinter  is  fusible  in  the 
candle  fiame. 

a.  Readily  soluble  in  water;  yield  a 

taste,  p.  398. 

b.  Insoluble  in  water,  p.  400. 

2.  Infusible  in  the  candle  fiame,  p.  400. 

3.  Cannot  be  scratched  by  a  cent,  but  can  be 

scratched  by  a  knife, 
o.  Show  a  prominent  deavage,  p.  402. 
6.  Do  not  show  a  prominent  deavage,  p.  410. 

4.  Cannot  be  scratched  by  a  knife,  but  can  be 

scratched  by  quartz. 

a.  Show  a  prominent  deavage,  p.  414. 

6.  Do  not  show  a  prominent  deavage,  p.  420. 

6.  Cannot  be  scratched  by  quartz. 

a.  Show  a  prominent  deavage y  p.  426. 

b.  Do  not  show  a  prominent  deavage,  p.  428. 
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difficuky. 

u 

Red-bmwiL 

Red-brDwa, 

Uarki  paper  eaih 

ly. 

S! 

YtUowbniym. 

Yellow 
bronrn. 

ly"     ""*'  *^ 

■"' 

See  al»  oovellite.  p.  177,  ai 


BTALLIC  LUSTER. 
.  mark  on  paper. 


lization  and 
ructure. 

Remarks. 

Name  and 
Composition. 

.diating  fibrous  or 

Distinguished  from  other  minerals 
of  this  group  by  its  structure. 

PYROLUSITE. 

MnOj. 

edral.    Micaceous. 

May  be  in  hexagonal-shaped  leaves. 
Told  irom   molybdenite   by   the 
brown   tinge   to   its   black   color. 
Greasy  feel. 

GRAPHITE. 
C. 

.    Micaceous. 

May  be  in  hexagonal-shaped  leaves. 
Told  from  graphite  by  the  blue 
tinge  to  its  black  color  and  its 
higher  specific  gravity.  Greasy  feel. 

Molybdenite. 
M0S2. 

ibic.       B I  a  d  e  d 
•r  in  slender  radi- 
als. 

Characterized    by    its    long    and 
bright  cleavage  faces.    Fuses  in  the 
candle  flame. 

STIBNITE. 

SbsS]. 

ystals  or  cleavage 

See  p.  375. 

0 

GALENA. 

PbS. 

The  earthy  form  of  cinnabar  is  not 
common. 

CINNABAR. 

HgS. 

The  earthy  form  of  hematite  is 
often  known  as  red  ochre  or  paint 
ore. 

HEMATITE. 

FezO,. 

The  earthy  form  of  limonite  is 
often  known  as  yellow  ochre. 

LIMONITE. 

Fe40,(OH)6. 

leave  a  slight  mark  on  paper. 
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MBTALUC 
n.    Can  be  scratched  bj  a 


Streak. 

Color. 

Hurdnatt. 

deavafe  and 
Ttactoro. 

Qni. 

doTtblaek. 

Iroo-blaek. 

2-2  5.     Very  soft. 
Will  mark  paper. 

F.    Splintery. 

% 

4.7 

Black,  with 
■ometiines  a 
brown  tings. 

Iroo-black. 

fr-6.    U.  harder 
than  knife. 

F.     Irragolar. 

41 

Gmy-black. 

St«el-cray  on  fresh 
surface,  tarnishing 
to  dead  blaek  on 
exposuro. 

2.5-8. 

F.    Irragolar. 

5.7 

Black,  with 
aometimea  a 
brown  tinge. 

Steel-gray,    some- 
times tarnishes  to 
dead  black  on  ex- 
posure. 

3-4. 

F.    Irregolar. 

4.74.0 

Gray-black. 

3. 

C.    Perfect  prismatic. 
F.    Uneven. 

44 

2-2.5. 

F.    Uneven. 

7.3 

Black. 

2-2.6. 

F.    Uneven. 

6.2 

2-3. 

F.    Uneven. 

M.2 

2.6-3. 

F.    Uneven. 

6.243 

2-3. 

F.    Fibrous. 

5.6-6 
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8DBMETALLIC  LUSTER. 

^Ntt  will  not  readily  leave  a  mark  on  paper. 


OxTitallization  and 
Structure. 


TJaually  radiating  fibrous  or 
Bplint«ry. 


Remarks. 


Usually  to  be  told  by  its  struo-  PYROLUSITE. 
ture  and  soft  black  streak.  MnOj. 


Name  and 
Composition. 


Seep.  386. 


Orthorhombie. 
UiasBive. 


Compact 


Isometric,  tetrahedral. 
Hassive   or   in   tetrahedral 
fsrystals. 


Often  associated  with  other  cop- 
per ores,  such  as  boroite,  chalco- 
P3rrite,  malachite,  etc. 


Oft«i  associated  with  chalcopy- 
rite,  pyrite,  silver  ores,  etc. 


Psilomelane. 
MnO,  with  MnO,  etc. 


CHALCOCITB 

popper  Glance). 


Cu,S 


Orthorhombic.  In  bladed 
masses,  showing  long  cleav- 
age faces.  More  rarely  in 
stout  prismatic  crystals. 


Isometric.  Usually  irregu- 
lar massive  or  earthy.  At 
times  in  small  isometric 
crystals,  commonly  cubes. 


Orthorhombic.  In  small  ir- 
regular masses,  often  earthy. 
At  times  in  stout  six-sided 
prismatic  crystals. 


Monoclinic.  Often  in  thin 
siz-flided  crystal  plates  with 
triangular  markings  on  top. 
Also  massive  and  earthy. 


Irregular  massive. 


In  fibrous,  feather-like 


A   rare  mineral,   found   usually 
with  other  copper  minerals. 


Distinguished  by  being  easily 
sectile,  i.e.,  it  can  be  cut  with  a 
knife,  like  lead.  Bright  steel- 
pray  on  fresh  surface  but  tarnish- 
ing to  a  dull  gray-black  on  expos- 


ure. 


0  A    rare    mineral.    Bright 

1  steel-gray  on  a  fresh  sur- 
cQ  face  but  tarnishing  to  a 
o  dull  gray-black  on  expoa- 

^  ure. 


V 


•^    A  rare  mineral. 


.3 


9    A    rare    mineral.    To    be 
^    positively    told    only    by 
•Z    chemical  tests. 


Characterized  usually  by 
its  fibrous  structure. 


TETRAHEDRITB 

(Gray  Copper). 
4Cu2l 


ly  fjoppe: 
S.Sb2S3. 


Enargite. 
3Cu2S.ASsSfi. 


Argentite. 
Ag,S. 


Stephanite. 
5AgaS.Sb,S,. 


Polybasite. 
9(Ag,Cu)2S.Sb,S,. 


Stromeyrite. 
CuAgS. 


Jaraesonite 
(Feather  ore). 
2PbS.Sb2S,. 
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METAUICOI 
n.    Can  be  scratched  by  a  knife,  but  il 


Streftk. 

Color. 

Hardness. 

Cleavagie  and   1 
Ftactura.      < 

Blaok. 

Oray-blaok. 

2.6-3. 

F.    Uneven. 

(.8 

4. 

F.    Uneven. 

4.4 

Blue-black  or 
lead-gray. 

Will  leave  a  mark 
oa  paper. 

One  perfect  cleavage. 

4. 
6 

2.6.    Marks  paper 
with  difficulty. 

• 

Perfect  cubic  cleavage. 

7 

Gray-black. 

Tin-white,  tar- 
ninhing  to  dark 
gray. 

3.6. 

One  good  cleavage  but 
seldom  aeen. 

1 

< 

Tiii-«ehite. 

3-3.5. 

One  good  cleavage  seen 
in  the  more  coarsely 
crystalliied  type. 

1      1 

2-2.5. 

Perfect  prismatic 
cleavage    in    3    direc- 
tions. 

5  6.1 

374 


5TALLIC  LUSTER. 

dily  leave  a  mark  on  paper.    (Continued.) 


ization  and 
ucture. 


bic.  In  stout  siz- 
latic  crystals, 
ined  with  reSn- 
i,  giving  a  *'  oog- 
'ect.  Also  mas- 
ir. 


Irregular  mas- 


)  m  b  i  c.  Bladed 
'  in  slender  radi- 
Js. 


bic.  In  long 
stals,  often  radi- 
^uently  bladed. 


Crystallized  or 
granular. 


iral.  Usually 
r,  often  with  bot- 
cture. 


iral. 

p. 


Usually 


dral.      In  cleav- 


Bemarks. 


Commonly^called  "  cog-wheel  ore" 
because  of  the  characteristic  group- 
ing of  its  crystals.  Easily  fusible 
in  the  candle  flame.  Not  to  be 
positively  identified  when  massive 
ezc^t  by  chemical  tests. 


Decrepitates  violently  in  the  can 
die  flame.    Sometimes  shows  a 
bluish  tarnish. 


Characterized  by  its  long  bright 
cleavage  faces.  Fuses  easily  in  the 
candle  flame. 


Fuses  in  candle  flame.  A  rare 
mineral.  To  be  positively  told 
from  stibnite  only  by  a  test  for  bis- 
muth. 


If  a  small  fragment  is  held  in  a 
candle  flame  it  does  not  fuse  but  is 
slowly  reduced  and  small  globules 
of  metallic  lead  collect  upon  the 
surfaces. 


Tarnishes  more  readily  than  the 
other  similar  minerals.  Heated  in 
the  candle  flame  does  not  fuse  but 
gives  o£f  a  white  smoke  and  yields 
a  strong  garlic  odor.  A  rare  min- 
eral. 


Usually  bright  in  luster.  Heated 
in  candle  flame  does  not  fuse  read- 
ilyi  gives  off  a  white  smoke  but  no 
odor.    A  rare  mineral. 


Characterized  by  bright  luster  and 
prominent  cleavage.  Heated  in 
candle  flame  fuses  very  easily.  A 
rare  mineral,  often  associated , with 
the  gold  and  silver  tellurides. '  See 
under  sylvanite,  below. 


Name  and 
Composition. 


Boumcmite. 
2PbS.Cu,S.Sb^a. 


Stannite 
(Tin  Pyrites). 
CuaS.FeS.SnS,. 


STIBNITE. 

Sb,Sa. 


Bismuthinite. 
Bi,S,. 


GALENA. 

PbS. 


Arsenic. 
As. 


Antimony. 
Sb. 


Tellurium. 
Te. 
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MBTAUIC  OR 
IL  Can  be  scratched  by  a  knife,  1)nt  iriD 


Streak. 

Color. 

Hurdness. 

Cleavagie  and 
Fractura. 

Spec 
Gni. 

TiB^hito. 

1.5-3. 

One  perfect  a 

fr^7 

Gny-blaok. 

2.5. 

F.    UnevML 

9.3 

Usually  pale  oop- 
per^red.  Seep. 382. 

5n6.5. 

F.    Uneven. 

7.5 

Browniah  bronxe 
but  wheo  expoeed 
to  the  air  rapidly 
takes  on  a  purple 

3, 

F.    Uneven. 

4.9-5.4 

Brownish  bronse. 

4. 

F.    Uneven. 

U 

Black. 

3.6-4. 

C.    Octahedral. 

4.9 

Brass-yellow. 

3.5. 

F.    Uneven. 

4.2 

Braf»-yellow,  al- 
most greenish 
when  in  very 
slender  crystals. 

3-3.5. 

F.    Uneven. 

C.    Rhombohedral 

but  seldom  seen. 

5.6 

Indigo-blue,  may 
tamish  to  blue- 
black. 

1.5-2. 

Perfect  beaal  C. 

4.6 

See  also  wolframite,  p.  379,  which  may  give  nearly  a  black  streak. 
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fETALUC  LUSTER. 

iadily  leave  a  mark  on  paper.    (Continued.) 


Jlization  and 
tructure. 

Remarks. 

Name  and 
Compbsition. 

ic.    In    thin    lath- 
crystals.    Often   as 
tings  on  surfaces  of 
an^ed   like  ancient 
writing. 

Fuses  very  easily  in  candle  flame. 
A  rare  mineral.    Often  to  be  posi- 
tively told  from,  tellurium  and  the 
other  similar  tellurides  cmly  by 
chemical  tests  (see  p.  157). 

Sylvanite. 
AuAgToi. 

io.    In  irregular 
lasses   or   in    thin, 
triated  lath-shaped 

Easily   fusible   in   candle    flame. 
Takes  on  at  times  a  faint  yellow 
color.    A  very  rare  mineral.    Told 
from  tellurium  and  sylvanite  b^  its 
lack  of  cleavage,  but  for  positive 
identification  may  need  chemical 
tests. 

Calaverite. 
AuTea. 

U.heniimorphic. 

Seep.  383. 

Niccolite. 
NiAs. 

3.    Massive. 

ReoognuEed  usually  by  its  promi- 
nent   purple    tarnish.    Associated 
with   other   copper   ores,   chiefly 
chaloocite  and  chaloopjrrite. 

BORNITE. 
Cu5FeS4. 

ftl.    Massive. 

Recognized  usually  bv  its  charac- 
teristic   color.     Small    fragments 
often  masnetic.     Often  associated 
with   chalcopyrite  and   pyrite. 
Frequently  carries  nickel. 

PYRRHOTITE. 

FeiiSij. 

• 

3.    Granular. 

A  rare  mineral  resembling  closely 
pyrrhotite,  with  which  it  is  inti- 
mately associated.     Distinguished 
from  pyrrhotite  by  its  cleavage. 

Pentlandite. 

(Ni,Fe)S. 

lal,  sphenoidal.    Us- 

issive.      Sometimes 

tetrahedral-shaped 

Usually  recognized  by  its  color  and 
softness.     Associated  with  pyrite, 
chalcocite,  bomite,  etc. 

CHALCOPYRITE 

(Copper  Pyrites). 
CHiFeSj. 

•hedral.     In  radiat- 
ps  of  hairlike  crys- 

Commonly  called  capillary  pyrites . 

Millerite. 

NiS. 

al.    In  platy  masses 
iiin   six-sided   platy 

A.    rare    mineral.    Characterized 
chiefly  by  its  color.       Tarnishes 
to  blue-black  on  exposure.     Mois- 
tened with  a  drop  of  water  turns 
purple. 

Covellite. 
CuS. 
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METAIUC  OS 
n.    Can  be  scratched  by  a  knife,  but  win 


Streak. 

Color. 

Hardness. 

Cleavage  and 
Fracture. 

Spec. 
On?. 

Steel-cray  to  iron- 
black. 

4. 

One  food  C. 
F.    Splintery. 

> 

4.3 

Dark-brown 
to  black. 

Iron-black  to 
brownish  black. 

5.5.  Scratched  by 
knife  with  diffi- 
culty if  at  all. 

F.    Uneven. 

4.3 

One  good  C. 
F.    Uneven. 

7.^7.5 

See  also  peilomelane  and  tetrahedrite,  p.  373,  which  may  give  brown-black  atreaks. 


Light  to  dark 
brown. 


Red-brown. 
Indian-red. 


Dark  brown  to 
coal-black. 


Dark  brown  to 
steel-gray  to 
black. 


Deep  red  to  black. 


Red-brown  to 
deep  red.  Ruby- 
red  in  transparent 
variety. 


3.5-4. 


5.5-6.5.     Softer  in 
some  earthy  vari- 
eties but  usually 
harder  than  a 
knife. 


2.5. 


3.5-4. 


Perfect  C.  in  six  direc- 
tions (dodecahedral). 


F.    Uneven  or  fibrous. 


4.1 


F.    Splintery. 


C.    Rhombohedral. 
F.    Conchoidal. 


F.    Unevoi. 


5.2 


4.1 


5.8 


6.0 
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METALLIC  LUSTER. 

readily  leave  a  mark  on  paper.    (Continued.) 


Allization  and 
Structure. 

Bemarks. 

Name  and 
Composition. 

bombic.    In  radiating 
or  crystalline  masaes. 
mes  in  distinct  pris- 
rystals.  often  grouped 
ies. 

Often  closely  resembles  pvrolusite, 
with  which  it  is  frequently  associ- 
ated, but  is  to  be  distinguished 
from  the  latter  by  its  greater  hard- 
ness and  dark-brown  streak. 

MANGANITE. 

MnO(OH)= 

Mn208.H20. 

T  in  granular  masses. 

See  p.  385. 

CHROMITE 
(Chromic  Iron). 
FeCrjOi^ 
FeO.Cr,Oj. 

clinic.      In  bladed 
Granular  to  mas- 

Characterized by  bladed  structure 
showing  good  cleavage  parallel  to 
length  of  crvstal.    As  the  amount 
of  manganese  contained  in  the  min- 
eral increases  it  becomes  browner 
in  color  and  streak  and  graduates 
toward  hUbnerite,  MnWOf. 

Wolframite. 
(Fe.  Mn)W04. 

tic,    tetrahedral. 
r  cleavable  granular. 

Most  sphalerite  is  nnnmetallic  and 
strongly  resinousin  its  luster.    With 
increase  in  the  amount  of  iron  pres- 
ent  it   becomes    dark    brown    to 
black.    The  darker  varieties  can 
often  be  told  by  scratching  a  cleav- 
age surface  with  a  knife  and  noting 
the  reddish  m^rk  left.    The  color 
of   the  'streak    is    always    much 
lighter  than  the  color  of  the  speci- 
men. 

SPHALERITE 

(Zinc  Blende,  Black 
Jack,  etc.). 
(Zn.Fe)S. 

See  p.  385. 

HEMATITE. 
FejO,. 

See  p.  385. 

Turgite. 

Fe4q;(0H),= 

2Fe20,.H20. 

x>hedral.    Irregular 

9. 

The  dark   Ruby  Silver,  showing 
dark  ruby  color  in  thin  splinters. 
See  p.  387. 

Pyrargyrite. 
3Ag2S.Sb8S,. 

tic.   Massive  or  rarely 
letric  crystals,  cubes 
hedrons.    Sometimes 
ry     slender    crystals 
trichite  or  plush  cop- 

Characterized  by  its  submetallic 
luster  and  red  streak.    Associated 
with  other  copper  minerals,  espe- 
cially malachite  and  native  copper. 

CUPRITE. 
Cu,0. 
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MBTALUC  Ql! 
n.    Can  be  scratched  by  a  knife,  but  irifBte 


Streak. 

Ckdor. 

Hurdness. 

Cleavage  and  1  SpK.  k 
Fracture.      Gnv.  IS 

Yalkm. 
brown.    Y^ 
lowoohtr. 

biMk. 

&-5.S.    Softer  in 
■ome  varieties  but 
ueoally  harder 
than  a  knife. 

"  ii 

One  good  C. 
F.    SpUntery. 

■] 

Dark  red. 

Dark  red  to  ver- 
milioB. 

3-2.5.    Some 
earthy  varieties 
are  soft  enough  to 
mark  paper. 

F.    Uneven. 
Prismatic  C,  seldom 
seen. 

8.1 

Copper-red, 
ahiny. 

Copper-red, 
black  tamtsh. 

2.5-8. 

F.    Hackly. 

8.8 

Silver-white, 
shiny. 

Silver-white,  gray 
to  black  tarnish. 

2.5-8. 

F.    Hackly. 

10.5 

Gray,  shiny. 

Whitish,  or  steel- 
gray. 

4-4.5. 

F.    Ebuskly. 

14-19 

Silver-white, 
shiny. 

Silver-white  with 
a  reddish  tone. 

2-2.5. 

P^ect  basal  and 
rhombohedral  C. 

9.8 

GoId-yellow, 
shiny. 

Gold-yellow. 

2.5-3. 

F.    Hackly. 

19 

Olive-green. 

Iron-black  with  a 
brown  tarnish. 

3.5-4. 

C.    Cubical. 

3.9 
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iiaUon  and 
uctur«. 

Bemarka. 

Nuns  and 
Compodtlon. 

Swp.a87. 

UHOmTE 

8»|>.3S7. 

S&r 

Int.    Uanslly 
roieuthy. 

brown  oolor,    Whm  pure  u  truui- 
red  oolor.    Very  heavy. 

dNNABAR. 
HgS. 

VmaUy  in  inec- 
May   ba  in 

A  metal.    HnII«b1>.   Very  haavy. 

gOPPE». 

lotric  cryrtalB. 

AmoU!.    Mallenble.    Very  heavy. 

SILVER. 
Ag. 

ImmiUr  grain* 

A  metal.    Ualleable.    Vecyfaeavy. 
UmuuBlly  bard  for  a  metal.    Very 
rare. 

ff"— 

]»!.      In  olMv- 

r  mnut. 

A  metal.      Sectile.      When  bam- 

^amuUi. 

ic.    Id  irragolu 
e«a,kavM.e(c 

ADiBtal.   Halleabla.    Verybeavy. 

GOLD. 

.•SbttSi.." 

^irasa'.C'O;"- 

MnS. 

METAIUCtt 
m.    Cannot  be  scniiM 


StTMk. 

Color. 

Hardness. 

Cleavage  and 
Fracture. 

Gni. 

Silver  or  tin  white. 

5.5-6. 

F.    Uneven. 

H.} 

5.5-6. 

F.    Uneven. 

554 

55. 

F.    Uneven. 

5.5 

5.5. 

F.    Uneven. 

4.9 

Black. 

Usuallv  pale  cop- 
per-red.  Some- 
times almost  sil- 
ver-white with 
pink  tone. 

5-5.5. 

F.    Uneven. 

7.5 

Pale  braas-yellow. 

6-6.5 

F.    Uneven. 

5.0. 

Pale  yellow  to  al- 
most white. 
Yellowish  tarnish. 

6-6.5 

F.    Uneven. 

4.9 

J 

Black.                     ( 

J.                             ] 

e 

• 

1 

F.    Uneven.    At  times 
ihows  octahedral  part- 

5.18 
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8UBMETALLIC  LUSTER. 
Iqr  a  knife. 


Oc:ygtallization  and 
Structure. 

Bemarks. 

Name  and 
Composition. 

^^thorhombic.    Massive 
Kraoolar.    Sometimes    in 
«*»Btate. 

When    crystallized    is   commonly 
found  in  diamond-shaped  tabular 
crystals    with    striations    running 
parallel  to  the  shorter  diagonal  of 
the  diamond.    Sometimes  in  fan- 
shaped  twins. 

ARSENOPYRITK 

(Mispickel). 
FeAsS. 

Isometric,  psrritohedral. 
-Passive. 

Rare  minerals  found  with  other  co- 
balt and  nickel  species. 

Smaltite- 

Chloanthite. 

CoAss-NiAs]. 

^sometric,  pyritohedral. 
^floally  massive. 

Rare  minerals  found  with  other  co- 
balt and  nickel  species.    Cobaltite 
shows  a  faint  reddish  tone  to  its 
silver  color. 

Cobaltite- 

Gersdorfiite. 

CoAsS-NiAsS. 

Isometric.    In  fine  granular 
masses  or  in  small  octahe- 
dral crystals. 

A  rare  mineral. 

Linnseite. 
(Co,Ni),S4. 

Bexagonal,  hemimorphic. 
llassive. 

Recognized  chiefly  by  its  color  and 
streak.    A  rare  mineral  foupd  with 
other  nickel  and  cobalt  ores. 

Niccolite. 
NiAs. 

Isometric,  pyritohedral. 
Massive  granular.      Often  in 
striated  cubes,  octahedrons, 
pyritohedrons.  etc. 

Most  common  sulphide.    Will 
strike  fire  with  steel. 

PYRITE 

(Iron  Pyrites). 
FeSj. 

Orthorhombio.    Often  in  ra- 
diating fibrous  masses.    In 
crystal  groups. 

Found  in  nodules  and  stalactites. 
Not  nearly  so  common  as  pyrite. 
Usually  distinguished  from  pyrite 
by  its  lighter  color  and  character- 
istic crystals,  but  it  may  require  a 
chemical  test  to  positively  differ- 
ratiate  them  (see  p.  156). 

MARCASITE 
(White    Iron    Py- 
rites). 
FeS,. 

Isometric.   Usually  coarse  to 
fine  granular.    At  times  in 
crystals,  usually  octahe- 
dnnis. 

Strongly  magnetic.    No  other  min- 
eral exhibits  this  property  as 
strongly. 

MAGNETITE. 
FejO*. 
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METALUCOI 
in.    Cannot  be  scratdied  li 


StTMk. 


Ckdor. 


Very  dark 
brown  to 
black. 


Hardness. 


6.6. 


Blaok. 


Blaok. 


5.6^ 


6-6. 


Dark  brown. 


Red-brown. 
Indian-red. 


Iron-black  to 
brownish  black. 


5.6-6. 


Dark  brown  to 
steel-gray  to 
black. 


Cleavage  and 
Fracture. 


F.    Uneven. 


F.    Uneven. 


F.    Uneven. 


F.     Uneven. 


One  good  C. 
F.    Uneven. 


F.    Uneven. 


F.    Uneven. 


oML 

Qni. 


M.7 


4.3 


4.1 


5.6-6.6. 
Softer  in  some 
earthy  varieties. 


F.    Uneven  or  fibrous. 


6.3-7.0 


7.2-7.5 


4.6 


6.1 


F.    Splintery. 


6.2 


4.1 


3S4: 


3TALLIC  LUSTER, 
life.    (Continued.) 


Lzation  and 
ucture. 


Massive  cpmu- 
II  botryoidal. 
octahedral  crys- 


Bemarks. 


dral.   In  grains  as 
ve  granular;  platy 


Characterized  by  its  black  color 
and  pitchy  luster.  Rare.  The 
mineral  in  which  the  rare  elements 
helium  and  radium  have  bera 
found. 


Sometimes  slightly  magnetic. 
Often  associated  with  magnetite. 


lassive,  some-  Dull-black  luster.       Often  associ- 
ctitic  or  botryoi-  ated  with  other  manganese  ores 

from  which  it  is  told  by  its  greater 

hardness. 


bic.    Granular  or 
smatic  crystals. 


nassee. 


Usually  in  granu- 
Rarely  in  small 
crystals. 


Granular  or  in 
crystals. 


dral.    Radiating, 
tystallized,  mica- 


Black  shiny  luster  on  fresh  surface. 
Sometimes  takes  on  a  slight  bluish 
tarnish. 


See  p.  379. 


Characterized  often  by  a  pitchy 
luster  and  accompanied  frequently 
by  traces  of  a  yellow  oxidation 
product. 


Name  and 
Composition. 


Uraninite 
(Pitch  Blende). 
Uncertain   composi- 
tion.   Chiefly  oxides 
of  uranium. 


ILMENITE 
(Titanic  Iron). 
FeTiO,  with  FejO|. 
Sometmies  much 
Mg. 


Psilomelane. 
Uncertain  composi- 
tion.  MnOg  with 
MnO,  H2O,  BaO, 
KsO,  etc. 


Colurabite- 
Tantalite. 
(Fe,Mn)Nb,0« 
with  (Fe,Mn)Ta^«. 


Wolframite. 
(Fe,Mn)W04. 


CHROMITE. 
(Chromic  Iron). 
FeCrj04. 


Occurs  at  Franklin  Furnace,  N.  J.,  FRANKLINITE. 
usually  in  intimate  association  with  (Fe,Zn,Mn)0 
zincite  (red)  and  willemite  (green).  (Fe,Mn)803. 


reniform  and  sta- 


Recognized  usually  by  its  red- 
brown  streak.  When  in  fibrous 
mammillary  forms  cannot  be  posi- 
tively told  from  the  rare  mineral 
turgite  except  by  proving  the  ab- 
sence of  water  in  its  composition  by 
heating  in  a  closed  tube. 


A  rare  mineral  usually  associated 
with  limonite.  For  positive  iden- 
tification see  above. 


HEMATITB. 
FesOs. 


Turgite 

( Hydro-hematite) . 

Fe40*(OH)j= 

2FeaO,.H,0. 
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METALUC  01 
m.    Cannot  be  scratched 


Streak. 

Color. 

Hftrdnaas. 

Cleavage  and 
Fracture. 

Spec 
Gn?. 

Yellow- 
brown. 

Dark  brown  to 
black. 

Softer  in  some 
earthy  varieties. 

F.    Splintery. 

3.H.0 

One  good  C. 
F.    Splintery. 

4.3 

NONMETALUC 
I.    Give  a  definitely 


Streak. 

Color. 

Hardness. 

Cleavage  and 
Fracture. 

Spec. 
Gra?. 

Dark  red  to  Ver- 
million. 

2-2.6. 

F.    Uneven. 

8.1 

Dark  red. 

Red-brown. 
Ruby-red  when 

3.5-4. 

F.    Uneven. 

6.0 

Dark  brown  to 
steel-gray,  to 
black. 

6.fr-6.5. 

F.    Splintery. 

5.2 

Red-brown. 
Indian-red. 

4.1 

Deep  red  to  black. 

2.6. 

F.    Ck>nchoidal. 

5.8 

Bright  red. 

Ruby-red. 

2-2.5. 

F.    Conchoidal. 

5.5 

S86 


METALLIC  LUSTER. 
knif6.     (Continued.) 


allization  and 
Structure. 


Jig  fibrous  in  nutm- 
or  stalaotitic  forms. 


lombio.  Radiating 
in  mammillary  or 
bio  forms.  Some- 
n  groups  of  slmider 
ig  crystals.  More 
in  distinct  prismatic 


Remarks. 


CharacteruEed  by  its  streak  and 
structure.  Not  always  to  be  posi- 
tiveljr  told  from  the  rarer  mineral 
goetnite,  except  by  an  estimation  of 
the  water  present.  Limonite  con- 
tains 15%,  goethite  10%  of  water. 


Told  definitely  from  limonite  if  it 
shows  cleavage  or  any  crystal  struc- 
ture. CMiherwise  to  be  distin- 
guished only  as  described  above. 


Name  and 
Composition. 


LIMONITE 

(Bog  Iron  Ore). 

FeiOjCOH).- 

2FesO,.3HsO. 


Goethite. 
FeO(OH)  = 
Fe20|.H,0. 


rER. 

ed  streak. 


allization  and 
Structure. 

Remarks. 

Name  and 
Composition. 

ohedral.    Usually 
nular  or  earthy. 

See  p.  381. 

CIMflABAR. 

HgS. 

massive. 

See  p.  379. 

CUPRITE 
(Ruby  Copper). 

m,  crystalline,  mica- 
arthy. 

See  p.  385. 

HKMATITB. 
Fe,0,. 

m  and  stalactitic. 

See  p.  385. 

Turgite. 

FeACOH),- 

2FeiO,.H,0. 

ohedral.  Irregular 
u    Rarely  in  crystals. 

The  dark  *'  ruby  silver  "  showing 
dark  ruby-red  color  in  thin  splin- 
ters.   A  rare   mineral  associated 
with  proustite,  stephanite,  polybas- 
site,  argentite,  etc.    Easily  fusible 
in  the  candle  flame. 

Pyrargyrite. 
3Ag,S.SbtS,. 

ohedral.  Irregular 
).    Rarely  in  crystals. 

The  light  "  ruby  silver."    Charac- 
terized by  its  color  and  adamantine 
luster.    Rare,    with    associations 
like  those  of  pyraigyrite.     Easily 
fusible  in  the  candle  flame. 

Proustite. 
3AgsS.As,Ss. 
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NONMETALLR' 
I.    Giveadefimtd} 


StTMk. 


Yellow- 
browD. 


Brown. 


Light  brown. 


Light  raange 
to  dark 
brown. 


Light 
brown. 


Light 
brown. 


Orange-3reI- 
low. 


Color. 


Dark  brown  to 
black. 


Dark  brown. 


Light  to  dark 
brown. 


Orango-vellow, 
brown,  black. 


Brown  to  black. 


Reddish  brown  to 
black. 


Deep  red  to  or- 
ange-yellow. 


Bright  red. 


Deep  red. 


Hardness. 


5-5.5.    Softer  in 
aoDie  varieties  but 
usually   harder 
than  a  knife. 


5.5. 


3.5 


4.5-5. 


5-7. 


fr-6.5. 


4-4.5. 


2.5-3. 


1.5-2.     Can  be 
scratched  by  fin- 
ger nail. 


Cleavage  and  Spec 
Fracture.     Om. 


F.    ^lintery. 


3.H0 


One  good  C. 
F.    Splintery. 


4.3 


One  good  C. 
F.     Unevoi. 


7.M 


Perfect  C.    In  6  direc- 
tions (dodecahedral). 


Prismatic  C. 


4.»- 


F.    Uneven. 


6.8 


F.    Uneven. 

C.    Not  prominent. 


C.    Basal. 


F.    Uneven. 


F.    Conchoidal.     One 
C,  not  prominent. 


^;B;& 


.» 


treak.     (Continued.) 


btion  and 
tture. 

Remarks. 

Name  and 
Composition. 

r  stalactitic. 

See  p.  387. 

LIMONITB 

(Bog  Iron  Ore). 

F(bA(OH),= 

2Fe^i.3HiO. 

•r  stalactitic. 
groups  of 

9. 

See  p.  387. 

Goethite. 

FeO(OH)- 

Fe,Oa.H,0. 

In  bladed 

See  p.  37Q. 

Wolframite. 
(Fe,Mn)W04. 

rahedral.     In 
kble  masses  or 
3tals. 

Characterized  by  its  reednous  luster 
and  perfect  cleavage.   See  p.  379. 

SPHALERITE. 

ZnS. 

n  prismatic 
nassive,  oom- 

A  rare  mineral. 

Thorite. 
ThSi04. 

[n  irregular 
mpact  nbrous 
ture;  in  rolled 
y  in  prismatic 
Commonly 

Very  heavy.      Usually  opaque  to 
translucent.   Occurs  as  rolled  grains 
in  sand;  in  pegmatite  veins  and  in 
granite  rocks. 

CASSITERITE 

(Tin  Stone). 
SnOj. 

n  prismatic 
»lly  striated; 
icicular.     Fre- 
>d. 

RUTILE. 
TiO,. 

mimorphic. 
able. 

Characterized  by  its  color,  streak 
and  cleavage.     Found  at  Franklin 
Furnace,  N.  J.,  often  intimately  as- 
sociated with  franklinite   (black) 
and  willemite  (green). 

ZINCITE. 
(Zn,Mn)0. 

[a  long  slender 
in  interlacing 

Characterized   by   its   color   and 
high  luster.      Decrepitates  in  the 
candle  flame. 

Crocoite. 
PbCr04. 

>ystalli2ed  or 

Easily  fusible  in  the  candle  flame. 
Characterized   by   its   color   and 
when  in  crystals  by  its  resinous 
luster. 

Realgar. 

AsS. 
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NOITMETALLIC 
I.     Give  a  definitely 


Streak. 

Color. 

Hardness. 

Cleavage  and 
Fracture. 

Spec. 
Onr. 

Lemoob-yellow. 

1.5-2.     Can  be 
scratched  by  fin- 
ger nail. 

One  prominent  C. 

3.5 

Pale  yellow. 

Pale  yellow. 

1.5-2.5. 

F.     Conohoidal  or  un- 
even. 

2.0 

Tiight  yellow- 
green. 

Blackish, 

olive-green, 

brown. 

3. 

P.    Uneven. 

4.4 

Dark  emerald- 
green. 

• 

3^.5. 

One  good  C. 

3.7 

Light  green. 

3.5^. 

One  good  C,  not  com- 
monly seen. 

3.9 

Bright  green. 

3.6-4 

One  good  C,  rarely 
seen. 

3.94.0 

Light  blue. 

Intense  azure-blue. 

3.6-4. 

F.     Conchoidal  or  un- 
even. 

3.7 

2.5. 

F.    Conchoidal. 

2.2 

Very  light 
blue. 

Light  green  to  tur- 
quois  blue. 

2-4. 

F.    Uneven. 

2.0-2.4 

Grayish  blue. 

Very  dark  blue. 
Bluish  green. 

1.5-2. 

One  good  C. 

2.6-2.7 

I 


See  also  lazurite,  p.  415,  which  may  give  a  very  light  blue  streak. 


^^ 


xeak.     (Continued.) 


tion  and 
ture. 


1  cleavable 


Easily  fusible  in  the  candle  flame. 
Cluuracterized  by  its  cleavage, 
color  and  resinous  luster. 


In  crvstals. 
rystalline. 


.    In  aggre- 
srystals. 


In  granular 
168  or  in  small 
:als. 


In   small 
:als  or  in  gran 


.adiating  fi- 
llary. 


Remarks. 


Orpiment. 

AsjSi. 


Bums  with  a  blue  flame  ^ving  a 
strong  odor  of  sulphur  dioxide.  A 
poor  conductor  of  heat.  A  mass 
held  in  the  hand  close  to  the  ear 
will  be  heard  to  crackle  on  account 
(^  the  irregular  expansion  due  to  the 
heat  of  the  hand.  Often  earthy 
and  impure. 


Characterized   by   its  color  and 
small  prismatic  crystals. 


Characterized  by  its  dark  green 
color  and  good  cleavage. 


Characterized  by  its  green  color 
and  slender  prismatic  crystals. 


[n  small  crys- 

Toups.     Radi- 

mammillary. 


crystals.  Mas- 
3.  Sometimes 
ppearance. 


morphous. 


Jsually  in  pris- 


Characterized  by  its  bright  green 
color  and  radiating  fibrous  struc- 
ture. Effervesces  when  a  drop  of 
cold  acid  is  placed  on  the  specimen. 


Name  and 
Composition. 


SULPHUR. 

s. 


Olivenite. 
Cu(Cu.OH)A804. 


Acatamite. 

Cu,Cl(OH),- 

CuCl,.3Cu(0H),. 


Brochantite. 
CuS04.3Cu(OH),. 


MALACHTTB. 

CuCO,.Cu(OH),. 


Characterized  by  its  intense  blue 
color.  Effervesces  when  a  drop  of 
cold  acid  is  placed  on  the  specimen. 


Soluble  in  water.  Metallic  taste. 
Characterized  by  color.  Product 
of  oxidation  of  copper  sulphides. 


Characterized  by  its  structure  and 
color.  Associated  with  other  cop- 
per minerals. 


AZURITE. 
2CuCO|.Cu(OH),. 


Chalcanthite. 
(Blue  Vitriol). 
CuS04.6H,0. 


CHRYSOCOLLA. 
CuSiO,.2H,0. 


Characterized   by   its  color   and 
streak. 


Vivianite. 
Fe8(P04)8.8H,0. 


ane,  p.  393,  which  may  give  a  light  green  streak. 
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NONMETALUC 

n.   Gifea 
L    Can  tM  seritdMd 


Cleavage  and 
Fracture. 

Color. 

Luster. 

Hardnen. 

Spec 

GlIT. 

Pale  brown,  creea, 
yellow,  white. 

VitrwHis,  iwarly. 

2-2.5. 

3.8 

Usually   dark 
brown,  greoi  to 
black.     May  be 
yellow. 

Vitreous. 

2.5-3. 

3.0 

Perfect  deayage  in 

one  idane. 
The  Mican  or  re- 
lated micaceous 
minerals,  which 
possess  such  a 
perfect  cleavage 
that  they  can  l)e 
split  into  exceed- 

Yellowish brown, 
green,  white. 

Vitreous,  pearly. 

2.5-3. 

2.8 

Black,    greenish 
bUtck. 

Adamantine    to 
pearly. 

3. 

W.2 

ingly  thin  sheets. 
Komctinies  they  oc/- 
cur  as  aKK rotates  of 
ininuto  scnles  when 
the  niiptioerius 
structure  may  not 
bo  readily  appar- 

Green of   various 
shades. 

Vitreous,  pearly. 

2-2.5. 

2.7 

ent. 

White  apple- 
i^reen,  gray. 
When  impure  as  in 
soapstone,   dark 
gray,  dark  green 
to  almost  black. 

Pearly,  greasy. 

• 

Very  soft.     Will 
leave  a  mark  on 
cloth. 

2.8 

White,  gray 
green. 

Pearly,  vitreous. 

2.5. 

2.4 

392 


ess  streak. 
»  finger  nail. 

allizatlon  and 
Structure. 


nio.     In  foliated 
in  tabular  crystals 
szagonal  or  diamond- 
outlines:  in  scales.  . 


nic.  In  irr^lar  foli- 
laaes.  Six-sided  tab- 
stals  rare. 


inic.  In  irregular  foli- 
asses.  Often  in  six- 
abular  crystals,  fre- 
'  large. 


inic.     Usually    in 
of    small    irregular 


Remarks. 


The  common  mica  or  ising-glass. 
Characterised  by  its  micaceous 
structure,  its  perfect  cleavage,  the 
elasticity  of  its  leaves  and  its  light 
color.  While  in  the  mass  it  may  be 
brown  or  green,  the  thin  sheets  are 
colorless. 


The  common  dark  green  or  black 
mica.  Even  in  thin  sheets  it  shows 
a  smoky  color.  Sheets  are  flexible 
and  elastic. 


Usually  a  light-  though  sometimes 
a  dark-colored  mica.  Often  shows 
a  coppery-like  reflection  from  the 
cleavage  surface.  Occurs  in  crys- 
talline limestone. 


Name  and 
Composition. 


MUSCOVITB 

(Potash  Mica). 
H,KAla(Si04)a. 


BIOTITE. 

(H,K)j(Mg,Fe)j 
(Al,Fe)(Si04),. 


PHLOGOPITE. 

(H,K)8(Mg,Fe), 
(Al,Fe)(Si04)a. 


Characterized  by  its  micaceous 
structure  and  its  shining  black 
color. 


inic.     Usually  in  ir- 
foliated  masses,  at 
n  compact  masses  of 
scales. 


Characterized  by  its  green  color 
and  by  the  fact  that  thin  sheets  are 
flexible  but  not  elastic. 


Lepidomelane. 
(H,K)jFe2(Fe,Al)j 

(Si04),?. 


inic.    Foliated  or 

St. 


bohedral.  Commonly 
1  massive.  At  times 
id  tabular  crystals. 


CLINOCHLORE, 

Penninite 
(Ripidolite,  Chlo- 
rite). 
HsMgjAlaSijOig. 


Characterized  by  their  greasy  feel, 
softness,  frequently  distinctly  foli- 
ated or  micaceous  structure.  Can- 
not be  positively  told  apart  by  phys- 
ical tests.    See  p.  280. 


TALC 

(Steatite, 
Soapstone). 

H2Mg3(Si03)4. 


Luster  on  cleavage  surface  pearly, 
elsewhere  vitreous.  S  e  c  t  i  1  e. 
Transparent  to  translucent.  Can 
be  split  with  some  difliculty  into 
thin  sheets  which  are  somewhat 
flexible  but  not  elastic. 


PYROPHYLLITE 

H2Alj(Si03)4. 


Brucite. 
Mg(OH),. 
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NONMETALUC 

n.   Gma 

1.    Can  be  scratched 


CleaTftge  and 
Fracture. 

Color. 

Luster. 

Hardness. 

Spec. 
Cki7. 

Pflrfeot  pinaooidal 
C.     Two  other 
olaavacM  not  so 
prominent. 

Colorless,  white, 
gray.    Sometimes 
colored  by  impur- 
ities. 

Vitreous. 

2. 

2.3 

One  perfect  C. 

Blue,  bluish  green 
to  colorless. 

Pearly  to  vitreous. 

2-3. 

2.6-2.7 

Cubical  C. 

Colorless  or  white. 

Vitreous. 

2-2.5. 

2.0 

F.    Uneven. 

Pearl-gray  or  col- 
orless.    Turns  to 
pale  brown  on  ex- 
posure to  light. 

Adamantine. 

2-3.      Highly  sec- 
tUe. 

5.8^.0 

F.    Uneven. 

Green  or  yellow. 

2-3.     Highly  sec- 
tile. 

5.8 

F.    Uneven. 

Pale  yellow. 

Resinous. 

1.5-2.6. 

2.0 

F.     Unev«i. 
Rhombohedral  C. 
Seldom  seen. 

Colorless  or 
white. 

Vitreous. 

1.5-2. 

2.3 

F.    Conchoidal. 
C.     Prismatic,  sel- 
dom seen. 

2.1 

See  also  kaolinite,  bauxite,  and  greenockite  p.  401,  which  on  aoooont 
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rER. 

Less  streak. 

lie  finger  nail.   (Continued.) 


»llization  and 
Structure. 


inic.    In   granular 
or  cleavable  crystal 


inic. 


ic. 


Remarks. 


Characterued  by  its  one  perfect 
cleavage,  and  two  others,  one  giv- 
ing a  oonchoidal  surface  and  the 
other  a  silky  surface,  and  by  its 
softness. 


Name  and 
Composition. 


GYPSUM 

(Alabaster). 
CaS04.2HjO. 


See  p.  391. 


See  p.  397. 


ic.    In  irregular 
Rarely  in  rude 

I. 


ic.     In    irregular 
Rarely  in  rude  crys- 


lombic.     Crystal- 
Granular.    Earthy. 


Commonly  known  as  homnsilver, 
because  it  can  be  cut  with  a  knife 
like  horn  and  because  in  thin  plates 
it  is  translucent.  More  common 
than  the  other  halogen  salts  of  sil- 
ver but  to  be  distinguished  from 
them  only  by  chemical  tests. 


Like  cerargyrite.  To  be  distin- 
guished from  it  only  by  chemical 
tests. 


rusts. 


in  thin  crusts,  silky 
id   delicate  acicular 


Bums  with  a  blue  flame  giving  a 
strong   odor   of   sulphur   dioxide 
Often  earthy  and  impure.    See  also 
p.  391. 


Vivianite. 
Fea(P04)28H,0. 


Sylvite 
KCl. 


CERARGYRITE 
(Horn  Silver). 
AgCl. 


Embolite. 
Ag(Cl,Br). 


Rare  minerals.  Readily  soluble  in 
water;  cooling  and  salty  tastes. 
Readily  fusible  in  the  candle  flame. 


SULPHUR. 

S. 


SODA  NITER. 
NaNO,. 


Niter. 
KNO,. 


sarthy  structure  may  appear  to  be  softer  than  the  finger  nail. 
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NONMETALUC 

n.    Gi?e  a 

2.  Cannot  be  serstched  ^7  the  finger  mil, 

a.    Shew  a 


Cleavage. 


Color. 


Cleayage    in    one 

plane. 
See  also  the  miner- 
aia  of  the  mica 
group,  p.  393,  which 
may  at  times  be 
harder  than  the  fin- 
ger nail. 


Cubic. 


s 

0) 

a 
o 


Lilac,  grayish, 
white. 


Pink,  gray,  white. 


Blue,  bluish  green 
to  colorless. 


Colorless  or  white. 


Colorless,     white, 
red,  blue. 


Colorless  or  white. 


Luster. 


Pearly. 


Pearly. 


Pearly  to  vitreous, 


Vitreous    to    resi- 
nous. 


Vitreous. 


Vitreous. 


u 
o 

B 
.9 

0) 

s 

u 


In  3  directions  Colorless,     white, 
at  right  angles  blue,  gray,  red. 
to   each    other, 
but  with  vary- 
ing  degrees   of 
ease. 


In  3  directions 
not  at  right 
angles  to  each 
other,  giving 
rhombohe- 
drons. 


Colorless,      white 
and       variously 
tinted. 


I  Colorless,     white, 
pink,  etc. 


Vitreous,  pearly. 


Vitreous. 


Vitreous,  pearly. 


2.IM 


3.JM.5 


3.5 


2.5 


2-2.6 


3-3.6 


3.5-4 


Spec. 
GrtT. 


2.S-2.9 


3.0 


2.W.7 


4.3 


2.1 


2.0 


2.9 


2.7 


2.8 


zm 


DER. 

less  streak. 

an  be  scratched  by  a  cent. 

lent  clea/uage. 


ttllization  and 
Structure. 


inic.  In  masses  of 
Irregular  scales, 
in  six-sided  prismatic 

9. 


inic.  Usually  in  ir- 
foliated  masses. 


inic.  Prismatic  crys- 
ten  in  stellate  groups, 
es  divergent,  fibrous 


r  massive  with  radla- 
■ucture. 


ric.      In  granular 
)le  masses  or  in  cubic 

8. 


ric.  Same  as  for  hal- 
"ystals  frequently 
ctahedral  truncations. 


hombic.     In  granular 
)le  masses. 


x>hedral.    In  fine-  to 

grained   cleavable 

When  crystallized 

prismatic,    rhombo- 

.1   and   scalenohedral 


M>hedral 


Remarks. 


Characterized  by  its  lilac  color. 
Always  in  very  small  sheets  or 
scales.  A  rare  mineral  often  asso- 
ciated with  colored  tourmalines. 


Folia  somewhat  brittle.  Charac- 
terized by  its  color.  A  rare  min- 
eral. 


A  rare  mineral. 


Cleavage  rarely  prominent.    See  p. 
411. 


Common  salt.  Characterized  by 
its  salty  taste.  Fusible  in  the  can- 
dle flame.  Highly  diathermous. 
Compare  sylvite,  below. 


A  rare  mineral  closely  resembling 
halite.  To  be  distinguished  from 
it  by  its  more  bitter  taste  and  its 
greater  softness  (can  usually  be 
scratched  by  the  finger  nail). 


Characterized  chiefly  by  its  cleav- 
age. If  in  a  form  where  this  does 
not  show  it  will  require  chemical 
tests  to  determine  it. 


Effervesces  readily  when  a  drop  of 
cold  acid  is  placed  upon  it.  Char- 
acterized by  its  perfect  rhombo- 
hedral  cleavage  and  crystal  forms. 
Clear  varieties  show  strong  double 
refraction.  Occurs  in  large  masses 
as  limestone  and  marble.  Crystal 
faces  may  be  harder  than  a  cent. 


See  p.  407. 


Name  and 
Composition. 


Lepidolite 
(Lithia  Mica). 
LiK(Al(OH,F)j) 
AKSiO,),. 


Margarite. 
HjCaAUSiaOi,. 


Vivianite. 
FeaCPOJaSHjO. 


WITHERITE. 
BaCOj. 


HALITE 

(Common  Salt). 
NaCl. 


Sylvite. 


»y 
K( 


CI. 


ANHYDRITE. 
CaS04. 


CALCITE. 

CaCOa. 


DOLOMITE. 

CaMg(00,)2. 


397 


NONMETALUC 

n.    Give  a 

2.  Cannot  be  scratched  ^7  the  finger  mil, 

a.    Show  a 


Cleayage  and 
Fracture. 

Color. 

Luster. 

Hardness. 

Spec 
Or&T. 

Colorlem,    white, 
blue,  yellow,  red. 

Vitreous,  pearly. 

3-3.5 

4.S 

In  3  directioDB 
giving    tabular 
diamond-shaped 
cleavage  blocks. 

Colorless,     white, 
blue,  red. 

Vitreous,  pearly. 

3-3.5 

3.9 

• 

Colorless  or  white. 
Gray  and  brown 
when  impure. 

Adamantine. 

3 

8.3 

b.     Do  not  show  a 
1.     A  small  splinter  is 

a.  Readily  soluble  ED  water; 


F.    Conchoidal. 

Colorlem,    white, 
red. 

^treous,  greasy. 

2.5 

1.6 

F.    Conchoidal. 
One  good  C.  sel- 
dom seen. 

Colorless  or  white. 

\ritreou8. 

2-2.6 

1.7 

F.    Conchoidal. 

Colorless  or  white. 

Vitreous. 

2-2.5 

1.7 

V 


See  also  halite,  p.  397,  which  may  erist  in  forms  in  which  its  clesTacB  is 


3Q8 


rER. 

less  streak. 

an  be  serstched  by  a  cent. 

nent  deawige.     {Continued,) 


allizatlon  and 
Structure. 


lombic.  In  aggregates 
crystals  or  in  tabular 
ombio  crystals  with 
Qgu  1  ar  or  diamond- 
outlines.  Crvstal 
-equmtly  beveled  by 
ices.    At  times  granu- 


Charaoterized  by  its  unusual 
weight  for  a  nonmetallic  mineral, 
its  platy  structure,  cleavage  and 
pearly  luster  on  basal  cleavage. 
At  times  to  be  told  from  celestite 
and  anglesite  only  getting  a  green 
flame  (test  for  barium). 


bombic.  In  granular 
nasses  or  in  tabular 
i  like  those  of  barite. 
es  in  long  prismatic- 
irstals  witn  olunt  ter- 


>ns. 


srhombic.  Usually 
y  and  impure.  At 
in  small  crystals  re- 
ig  those  of  barite  and 
e. 


Remarks. 


Very  similar  in  appearance  to  ba 
rite.     Frequently  can  only  be  told 
from  barite  and  anglesite  by  get- 
ting a  crimson  flame  color  (test  for 
strontium). 


Name  and 
Composition. 


BARITE, 

Barytes. 
(Heavy  Spar). 
BaSOf. 


CELESTITE. 
SrS04. 


Characterised  by  its  weight.  Usu- 
ally associated  with  galena  as  an 
alteration  product  in  ooncmtric 
layers  around  an  unaltered  core  of 

t galena.     Will  often  need  a  test  for 
ead  for  its  positive  identification. 


ANGLESITE. 
PbS04. 


nent  cleavage. 

e  in  the  candle  flame. 

taste. 


hombic.    Commonly 
B,  granular. 


inic.     In  crusts,  often 
.    Rarely  in  prismatic 

8. 


i  fibrous  or  massive 
tealy  or  solid  crustSw 


A  rare  mineral.  In  the  candle 
flame  swells,  th«i  fuses.  Bitter 
salty  taste. 


A  comparatively  rare  mineral. 
Found  only  in  dry  countries.  In 
candle  flame  swells  and  then  fuses. 
Sweetish-alkaline  taste. 


Easily  fusible  with  frothing  in  can 
die  flame.     A  rare  mineral.     As- 
tringent taste. 


Camallite. 
MgClj.KCI.eHjO. 


BORAX. 
Na2B4O7.10HiO. 


Kalinite 
(Potash  Alum). 
KAl(S04)j.l2HjO. 


e,  and  chalcanthite,  p.  390,  which  m^y  give  a  nearly  colorless  streak. 
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NONMETALUC 

n.    Girei 

S.  CsQiiDt  be  senttdiod  by  flngsr  mil, 

6.    DonotAett 

1.     A  small  (fjlinter  is  fuaUt 


Color. 

Luster. 

CleftvagB  and 
Fracture. 

S 

Vitnonloinuy. 

:;!    iB^uTdirec- 
t>on,aBldoiii«eii. 

MS 

" 

CDloriM 

ftdciPwUH 

F.    OwchindBl. 

3-a.j 

anno,  brown. 

RaiDDiu. 

F.    U»™n. 

3-3.S 

7.^7. 

Sea  also  TUBdinito  Un. 
2.    InfuaHs 


Sn  aJao  bauiiw, 

sr™""'- 

F.    Unevoo. 

"» 

u 

wUiih  n»y  bi 
newly  whit.. 

FWriy,  dull. 

F.    Earthy. 

'-" 

Si 

Homy-,  eilron-  ot 
omngB-jollow. 

noua,  euthy. 

F.    U^ven. 

M. 

IH. 

Yellow,  brown. 
*mj.  white. 

Dull,  eanhy. 

F.    Uuvbh. 

• 

U 

Huby-red,  brown, 

Rednoui. 

F.  U»*™n. 

3 

(.HI 

ess  streak. 

in  be  scratched  by  a  cent. 

tent  deaviige. 
candle  flame. 


illization  and 
structure. 

Remarks. 

Name  and 
Composition. 

sic.    Massive. 

Characterised  by  its  peculiar  trans- 
lucmt  i^pearance.  like  that  of  par- 
afl&ne.    Its  fine  powder  practically 
disappears  vrhea  placed  in  water 
but  18  insoluble. 

CRYOLITE. 
Na,AlF«. 

ombio.     In  granular 
platy  crystals  often 
each  other  to  form  a 
Jce  effect. 

Vfhea  fused  in  the  candle  flame  is 
slowly  reduced  showing  globules 
of  lead  on  surface  of  fragment. 
Heavy.     Effervesces  when  a  drop 
of   cold   acid   is   placed  upon  it. 
Associated  usually  with  galena. 

CERUSSITK. 
PbCO,. 

See  p.  413. 

Mimetite. 
Pb4(PbCl)(As04)|. 

lay  fuse  slightly. 


candle  flame. 


lassive  with  radiat- 
;ture. 


ly    clay-like, 
mealy. 


com. 


nal,  hemimorphic. 
in  form  of  powder, 
in  crystals. 


nded   grains, 
clay-like. 


Also 


nal,  psrramidal.  In 
prisms.  Sometimes 
)nM>U8  crystals  and 
oonded  baiTel-shi4)ed 


Seep.  411. 


Often  impure.  When  breathed  upon 
gives  an  argillaceous  odor.  Will 
adhere  to  a  dry  tongue.  The  basLs 
of  most  clays. 


A  rare  mineral.  Characterised  by 
its  color  and  pulverulent  form. 
Often  as  a  coating  on  sphalerite. 


A  rare  mineral.    Often  impure. 


WITHERITE. 
BaCOt. 


KAOLINITB. 
H^AlsSiA. 


Greenockite. 
CdS. 


Bauxite. 
A1,0(0H)4. 


Characterised  by  its  color  and 
crystals.  Compare  mimetite, 
above  and  pyromorphite,  p.  413. 


Vanadinite. 
Pb4(PbCl)(V04)i. 
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NONMETALUC 

n.    Give  t 
2.  Cannot  be  Bcratehed  by  the  finger  nail, 

5.    Do  not  duw  a 
2.    Infusible 


Color. 

Luster. 

Cleavage  and 
Fracture. 

Hardness. 

Spec 
Gist. 

Yellow,  green, 
white,  brown. 

Vitreous,  pearly. 

F.    Uneven.    One 
C,  not  prominent. 

3-4 

2.3 

Olive  to  blackiHh- 
green,  yellow-grew, 
white. 

Greasy-,  wax-like. 

F.    Uneven. 

Z.S-H 

2.8 

Pale  to  deep  green. 

Doll  to  resiiioas. 

F.    Uneven. 

3-4 

2.2-2.8 

Some  varieties  of  anglesite,  p.  399,  anhydrite,  p.  397,  and  vivianite,  p.  397,  do  not  show 


3.  Cannot  be  scratched  by  a  cent 

a.    Show  a 


Cleavage. 

Color. 

Luster. 

Hardness. 

Spec. 
Orav. 

g     C.    Pinacoidal. 

1 

§ 
O 

Blue,    usually 
darker  at  center  of 
cryrstal.    At  times 
white,  gray  or 
green. 

Vitreous,  pearly. 

6-7 

• 

3.6 

t  Cleavage  ii 
Only. 

O 

• 
• 

Light  blue,  green, 
gray,  salmon  to 
clove-brown. 

Resinous. 

4.5-6 

3.5 

g 

d     C.    Pinacoidal. 

1 

White,  yellow, 
brown,  red. 

Pearly,  vitreous. 

3.6-4 

2.1-2.2 
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UrSTBR. 

colorless  streak. 

but  can  be  scratched  by  a  cent. 

prominent  cleavage, 

in  the  candle  flame.    (Continued.) 


ChTBtallization  and 
Structure. 

Remarks. 

Name  and 
Composition. 

Unally  in  radiating  hemi- 
^iherical,  globular  forms. 

Characterised  by  its  structure. 

WavelUte. 

(A1.0H),(P04), 

5H2O. 

Maaaive.    FibrouB. 

See  p.  415. 

SERPENTINE. 

HiMgjSiA- 

Maaaive  and  amorphous,  at 
times  as  an  incrustation  with 
botrycndal  or  stalactitio  sur- 
Ihoe;  earthy. 

A  rare  mineral.    Characterized 
chiefly  by  its  color. 

Genthite 
(Gamierite). 
Nickel,    magnesium 
silicate. 

a  distinct  cleavage  and  might  be  expected  to  be  included  in  the  above  group. 


but  can  be  scratched  by  a  knife. 
prominent  cleavage. 


Crystallization  and 
Structure. 


Triclinie.  In  bladed  struc- 
ture with  prominent  cleavage 
plane. 


Commonly   massive  cleav- 
able. 


Monoclinie.  Commonly  in 
sheaf-like  aggregates  of  crys- 
tals or  in  flat  tabular  crys 
tals. 


Remarks. 


Characterized  by  its  color  and  the 
fact  that  it  can  be  scratched  by  a 
knife  in  a  direction  parallel  to 
length  of  crystal  but  not  in  a  direc- 
tion at  right  angles  to  this. 


Rare  species.  TriphylUte  is  essen- 
tially LiFePO«  and  lithiophyllite 
LiMnPO*. 


Name  and 
Composition. 


CYANITE. 

AljSiO,. 


Characterized  by  the  grouping  of 
its  crystals  into  a  radiating  sheaf- 
like aggregate  and  by  the  pearly 
luster  of  the  cleavage  face. 


Triphyllite- 

Litniophyllite. 

Li(Fe.Mn)P04. 


STILBITE. 

H4(Ca.Na2)Alo 

(Si03)«.4HaO. 
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NONMETALUC 

n.    Givet 
S.    Cannot  be  icrateliad  by  a  c«nt, 

a.    Show  a 


dmsfrngB. 


c. 


c. 


I 


S  .C.    PiiMooidal, 
g^ciUm  mat  pnm- 


Color. 


white,  pftle 


White,  yvlkm, 
red. 


White, 


^C.    PinaooidaL 

II 

"« 

|«C.    PiiHooidal, 


I 

.  ColorlflM, 

2  white. 

1 


"3    ColorleH. 

white. 


C.   PinaooidAl.  P    Colorleaa, 

white,  gny. 


C.  Pinaooidal, 
also  basal  but 
seldom 


C.     In  two  di- 
rections. 
C.     Prismatic. 


CokM-leas, 
white,  fjay. 


Luster. 


Fearly,  vitraoos. 


Pearly,  vitreous. 


Vitnoua. 


^^treons. 


Vitreoas    to    resi- 


Yitreous,  pearly. 


Colorless, 
white. 


Vitreoas,  pearly. 


^^treoos. 


4.5-5 


3.5-4 


4.5 


4-4.5 


3.5 


5-6.5 


4.5-5 


5-6.5 


Gbif. 


2.1-2.4 


2.2 


2.4-2.5 


2.4 


4.3 


2.8-2.9 


2.7-2.8 


2.2 


^SA 


rER. 

less  streak. 

(an  be  scratched  by  a  knife. 

nent  cleavage,    {Continued.) 


lallization  and 
Structure. 


>iial.  In  prismatic 
)  with  square  cross- 
>n.  Often  resemble  a 
ation  of  cube  and  oc- 
m. 


inic.    Ciystals  often 

parallel  to  cleavage 

surface  of  pearly  lus- 


Inic.  Crystals  usu- 
:e  square  prisms  ter- 
1  by  4  pyramid  faces, 
»r  faces  striated.  At 
n  cruciform  poietra- 
ins. 


inic.    In  crystalline  or 
r  crystalline  masses. 


'  massive  with  radi- 
ructure. 


inic.  Usually  cleav- 
oassive  to  fibrous, 
mpact.     Rarely  in 

crystals. 


Remarks. 


Pearly  luster  on  basal  plane  (cleav- 
age face),  vitreous  luster  on  other 
faces.  Prism  faces  usually  verti- 
cally striated.  A  zeolite  found 
lining  cavities  in  igneous  rocks. 


Pearlv  luster  on  cleavage  face, 
elsewhere  vitreous.  A  rare  zeo- 
lite found  lining  cavities  in  igneous 
rocks. 


Characterized  by  its  crjrstals,  see 
p.  267.  A  rare  zeolite  found  lining 
cavities  in  igneous  rocks. 


Decrepitates  violently  in  the  can- 
dle flame.    A  rare  mineral. 


See  p.  411. 


Name  and 
Composition. 


APOPHYLLITE. 
H7KCa4(SiO,), 


Heulandite. 

H4(Ca,Na,)Al, 

(SiO,)e.3H80. 


Harmotone. 

(Ba.K,)Al,Si,Ou 
5H,0. 


Colemanite. 
Ca2B«Oii.5HsO. 


Associated  with  crystalline  lime- 
stone. 


inic.       Commonly  in 

di  tin;  aggre^tes  of 

crystals        Fibrous 


). 


lombic.  In  slmder 
lar  prismatic  crystals 
ted  by  4  low  pyra- 
es.  Prism  faces  ver- 
striated.  Often  in 
ig  groups. 


Characterized    by    its    radiating 
structure.    A  rare  mineral. 


Characterized  chiefly  by  its  struc- 
ture.    A  zeolite  found  lining  cavi 
ties  in  igneous  rocks. 


WITHERITB. 
BaCOi. 


WOLLASTONITE. 
CaSiO,. 


Pectolite. 
HNaCa,(SiO,),. 


NATROLITE. 

Na*Al(A10) 

(SiO,),.2H,0. 
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NONMETALUC 

n.    Give  a 

3.  Cannot  be  scratched  by  a  cent, 

a.    Showa 


Cleavage. 

Color. 

Luster. 

Hardness. 

Spec 
Gist. 

making    angles 
of  55*  andl25*. 

• 

White,  creeD. 
black. 

Vitreoos,  peniiy. 

5-6 

3.0^.3 

« '5  making    angles 
P  iol  54"  and  126". 

Gray,  clove- 
brown,  green. 

Vitreoos,  pearly. 

5-6 

3.1 

JaC.     Prismatic, 
*2  ^TtLther  poor  at 
^  190°  angles. 

h 
1 

White,   green, 
black. 

Vitreous. 

6-6 

3.1-3.5 

C.      Prismatic 
with  nearly  90° 
angles. 

Rose-red,  pink, 
brown. 

Vitreous. 

6-6 

3.6 

1 

.a 

^     In  3  directiona 
•     not  at  right  an- 
H     gles  to  each 

^     other,  giving 
rhombohe- 

•9     drons. 

1 

0 

Colorless,  white 
and  varioosly 
tinted. 

Vitreous. 

3 

2.7 

Colorless,  white, 
pink,  etc. 

Vitreous,  pearly. 

3.5-4 

2.8 
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fBR. 

less  streak. 

•n  be  Beratohsd  1^  »  kiiit«. 

nent  dtavage.    (CojUirmed.) 


jtnicturo. 

Remarks. 

Name  and 
Composition. 

Die.     In  .loBdm  priB- 
■jTflals  .ehowiiig  prom- 

B  l)ladfl<l  Bpi»a™n™. 

fu™  how  2  low  dome 

Tiemolil*.  ,CaMB,Si.Ou.  i>  whil«. 

iRODP. 

EMautiilly  calcium. 
magDsaium  melaeil- 

Bee  p.  lie. 

He.F^]Si6T 

inic.       In  stout  pii» 

^^d  tbey  uual" 
lore  IhMi  2  [uw  Ht 

Oioj«da.  C.uMg8i,0„^is  courts™, 
SaCMeJSaiATli'eht'M  dark 

tetUad  b^  thB  notantnilsr  ercns- 

pHiting.    Found  iu  igneous  rocka. 

JRODP. 

EBwntinlly  minium, 

e.     Umlally  BiMBive 

Rhodonite. 
UnSiOi. 

»  m»H.  or  orymal- 

s«p.m. 

gs§r- 

inuiiol    cleavahlB 
Ofleo  in  strongly 

Will  not  effsrvHce  when  a  drop  oi 
upon  it    CbarBctariJBdbyits 

and    ila  trequantly  pink  ot  flesh 
solor.     Pearly  lu'Ter  on  ourvst 

mnwiw  u  dolomite  limestone  bo< 

5?U,  kild  M,  "iS^'fdli^X'" 

8KSK- 

NONMETALUC 

n.    Gi?e  a 
8.  Cannot  be  scratched  by  a  cent, 

a.    Show  a 


Cleavage. 

Color. 

Luster. 

Hardness. 

Spec. 
Ora?. 

• 

White,  yellow, 
gray,  brown. 

Vitreoaa. 

3.5-4 

3.0-3.1 

• 

Light  to  dark 
brown. 

Vitreous,  pearly. 

3.5-4 

3.8 

In  3  diraetioiii  not 
at  right  angles  to 
each  other,  giving 
rhombohedroos. 

Pink,  rose-red, 
dark  red.  brown. 

Vitreoos.  pearly. 

3.5-4.5 

3.5-3.6 

Brown,  green, 
blue,  pink,  white. 

Vitreous. 

5 

4.3 

White,  yellow, 
flesh-red. 

Vitreous. 

4-5 

2.1 

In  3  directions   at 
right  angles  to  each 
other  but  with 
\'ar>-ing  degrees  of 
ease. 

ColorlesB,    white, 
blue,  gray,  red. 

Vitreous,  pearly. 

3-3.5 

2.9 

In  3  directions  giv- 
ing tabular  dia- 
mond-shaped cleav- 
age blocks. 

Colorless,     white, 
blue,  yellow,  red. 

Vitreous,  pearly. 

3-3.5 

4.5 

C.    Octahedral. 

Colorless,    violet, 
green,    yellow, 
'pink.    Usually  has 
a  fine  color. 

Vitreous. 

4 

3.1 

C.    Perfect  in  6  di- 
rections,    dodeca- 
hedral. 

Yellow,  brown, 
white. 

StrcHigly  resinous. 

3.5-4 

4.0 

Dodecahedral     C, 
more   or    less    dis- 
tinct. 

White,  gray,  blue, 
green. 

Greasy,  vitreous. 

5.5-6 

2  1-2  3 

1 

ATote.  —  Apatite,  p.  413,  may  show  somewhat  imperfect  cleavage. 


TER. 

less  streak. 

An  be  scratched  by  a  knife. 

nent  cleavage,    (Continued.) 


iallization  and 
Structure. 

Remarks. 

Name  and 
Composition. 

mhedral.      In  grana- 
vable  masses. 

A  rare  mineral. 

• 

Maeiesite. 
MgCOi. 

x>hedral.      In  cleav- 
nnsses    or    in    small 
>hedral  crystals. 

After  being  heated  in  the  candle 
flame  a  fragmmt  is  attracted  by  a 
magnet. 

SIDBRITE. 
FeCO,. 

mhedral.      In  cleav- 
oasses    or    in    small 
1  rhombohedral  crys- 

Characterized  by  its  color,  cleav- 
age and  softness. 

RHODOCHRO- 

SITE. 

MnCOj. 

x>hedral.     Usually  in 
idal  or  honey-combed 

See  p.  411. 

SMrrHSONTTB. 

ZnCOj. 

x>hedral.       In  small 
3hedral  crystals  with 
cubic  angles. 

• 

A  zeolite  found  lining  cavities  in 
igneous  rocks. 

CHABAZITE. 

(Ca,Na,)Alj 
(SiO,)46H,0. 

hombic.    In  granular 
>le  masses. 

See  p.  397. 

Anhydrite. 
CaS04. 

hombic.     In  tabular 
s  and  lamellar  masses. 

See  p.  399. 

• 

BARITE, 

Barytes 
(Heavy  Spar). 
BaS04. 

lie.    In  cubic  crystals, 
in    interpenetration 

Characterized  by  its  crystals,  color 
and  cleavage.      The  bluish  green 
variety  shows  fluorescmce.  i.e.  ap- 
pears green  by  transmitted  and 
blue  by  reflected  light. 

FLUORITE. 
CaF,. 

;ric,  tetrahedral.      In 
ble   masses  or  small 
d  crystals. 

Characterized  by  its  color,  luster 
and  cleavage. 

SPHALBRITB. 

ZnS. 

;ric.       Massive  or  in 
ded  grains. 

Frequently  blue  in  color.    A  rock- 
mflking  mineral,  never  associated 
with  quartz.      Usually  opaque  to 
translucent. 

Sodalite. 
Na-CAICDAI, 

(Si04),. 
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NONMETALUC 

n.    Give  a 

8.  Cannot  be  senttched  by  a  cent, 

6.    Do  noi  show  a 


Color. 


>. 

6 

•  mm 

I 


■•5 

'I 

"3-9 

a 


Colorleas, 
pale  g;reeii, 
yellow. 


White,  pale 
greoi,  blue. 


White,  gray, 
light  green, 
darker  green 
or  brown. 


Colorleea    or 
white. 


I 


Colorless    or 
white. 


Colorless    or 
white. 


S 
« 

IS 
jo 

"o 


Colorless    or 
white. 


Colorless    or 
white. 


Brown,  green, 
p     blue,  pink, 
^     white. 


S 
PQ 


Luster. 


Vitreous. 


Vitreous. 


Vitreous  to  dull. 


Vitreous. 


Vitreous. 


Vitreous  to 
resinous. 


Vitreous,  pearly. 


Vitreous. 


Vitreous. 


Cleayage  and 
Fracture. 


F.    Uneven. 


F.     Uneven.     C. 
prianoatic,  seldom 


F.     Uneven.      C. 
prismatic,  seldom 


F.    Uneven. 


F.    Uneven. 


F.    Uneven. 


Pinacoidal   C, 
may  be  obscure. 


Prismatic  C,  may 
be  obscure. 


I     Gray,  brown 
p    green,  yel- 
low. 


Resinous,   ada- 
mantine. 


F.   Uneven. 
Rarely  shows 
rhombohedral  C. 


F.  Uneven.  Pris- 
matic C,  seldom 
prominent. 


Hardneas. 


5-^.5 


4.5-« 


5-6 


3.5-4 


5-6.5 


3.5 


4.5-5 


&-5.5 


&-6.S 


Spec 
On?. 


2.H.0 


3.4 


2.7 


2.9 


2.3 


4.3 


2.7-2.8 


2.2 


43 


34-3.5 


^I'^i 


rER. 

less  streak. 

ian  be  scratched  by  a  knife. 

nent  cleavage. 


Structure. 

Remarks. 

Name  and 
Composition. 

inic.    Usually  in  ciys- 
)veloped  with  nearly 
dimenm^MiB  in  all  di- 
8  and  many  faces. 

Characterized  by  its   luster  and 
crystals.     Usually  transparent. 
Occurs  with  the  zeolites,  lining  cav- 
ities in  igneous  rocks.  . 

DATOLITE. 
Ca(B.0H)Si04. 

hombic.    Often  in  ra- 
crystal  groups.    Also 
tic,  mammillary. 

Charaot«>rized    by    its    structure. 
Pyroelectric. 

CALAMINE. 

(Zn.OH),SiO,. 

snal.        In  prismatic 
s,    granular  or   mas- 

Oftoi  altered. 

SCAPOLITE. 
Ca4AUSi«Oi8  with 
NaiAUSijOwCI. 

hombic.     Frequently 
iting  groups  of  aciculsu* 

8. 

Effervesces  in  cold  acids.    Falls 
to  powder  in  candle  flame. 

ARAGONITB. 

CaCO,. 

ric.     In  crystals,  usu- 
ipeaohedrons. 

Characterized  by  its  crystals  and 
its  glassy  luster.    A  zeolite  found 
lining  cavities  in  igneous  rocks. 

ANALCITE. 
NaAl(SiO,),H,0. 

hombic.     Often   in 
with  radiating  stnic- 
ranular;  rarely  in  hez- 
pyramidal  crystals. 

Heavy.  When  a  fragment  is  placed 
in  cold  hydrochloric  acid  there  is  a 
brisk  effervescence  for  a  moment 
and  then  the  action  ceases. 

WITHERTTE. 
BaCO,. 

iating  acicular  cr3rs- 

See  p.  405. 

• 

Pectolite. 
HNaCa2(SiO,)3. 

.ing  prismatic. 

See  p.  405. 

Natrolite. 

Na,Al(AIO) 

(SiO,),.2HjO. 

X)hedral.   In  rounded 
idal  forms.     Often  in 
"-combed     masses. 

Harder  than  most  carbonates.    A 
fragmmt  effervesces  vfhen  placed 
in  cold  hydrochloric  acid. 

SMITUSONITE. 
ZnCO,. 

inio.    In  thin  crystals 
iharp    edges,    wedge- 

• 

Characterized  by  its  orsrstals. 

TITANITE 

(Sphene). 

CaTiSiO,. 
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NONMETALUC 

IL    Ghea 

8.    Cannot  be  scratched  by  a  emA, 

5.    Do  not  ^low  a 


Color. 


o 

2 


Yellowish  to 

reddish 

brown. 


Yellowish  to 

reddish 

brown. 


©•a 

II 

OSS 

Si 

"3 

I 


White,  yel- 
low, green, 
brown. 


Usually  a 
brilliant 
shade  of  yel- 
low or  orange. 
Also  red, 
gray,  green. 


Colorless, 
yellow,  or- 
ange, brown. 


Yellow, 
brown,  gray, 
white. 


White,  green, 
black. 


8  

\S^  Green,   blue, 

>t  violet,  brown, 

^  colorless. 


Green, 
brown, 
yellow,  gray. 


Luster. 


Resinous,     vitre- 
ous. 


Resinous. 


Mtreous,  ada- 
mantine. 


Vitreous   to   ada- 
mantine. 


Resinous. 


Dull,  earthy. 


Vitreous. 


Vitreous,  greasy. 


Resinous. 


Cleavage  and 
Fracture. 


F.  Uneven.  Pris- 
matic C,  seldom 
prominent. 


F.    Unevoi. 


F.    Uneven. 


F.    Uneven. 


F.    Uneven. 


F.    Uneven. 


F.  Uneven. 
Rather  poor  pris- 
matic C,  at  90** 
angles. 


F.    Uneven. 


F.    Uneven. 


Hardness. 


4-5 


5-5.6 


4.&-5 


4.5-5 


3.5 


5-6 


3.5-4 


Spec 
Gia?. 


5.0 


5.H.3 


6.0 


6.0 


7.0-7.2       I 


2.5 


3.1-3.5 


3.1 


6.5-7.1 


\\^ 


ITER. 

rless  streak. 

can  be  scratched  by  a  knife. 

inent  cleavage,     (Continued,) 


ballization  and 
Structure. 

Remarks. 

Name  and 
Composition. 

onal.    Tn  prismatic  or 
aidal    crystals.     In 
grains. 

A  rare  mineral.    Heavy. 

Xenotime. 
YPO4. 

inic.      In  small  crys- 
as  rolled  grains. 

A  rare  mineral.    Heavy. 

MONAZITE. 
(Ce.La,Di)P04 
often  with  ThSiO*. 

mal.     In  octahedral- 
rstals.    Massive, 
r. 

A  rare  mineral.    Heavy. 

Scheelite. 
CaW04. 

3nal.    Usually  in  very 
uare  tabular  crystals, 
"equently  octahedral 
it.    Also  granulaj* 
e. 

Characterized  by  its  crystals  and 
color.    Heavy. 

Wulfenite. 
PbMo04. 

tnal.     In  small  pris- 

rystals.    Prism  faces 

lurved,  giving  barrel 

In  granular  masses. 

A  rare  mineral.     Heavy.     Fuses 
slowly  in  candle  flame. 

Mimetite. 

Pb4(PbCl)(A804),. 

See  p.  401. 

Bauxite. 
A1,0(0H)4. 

inic.       In  stout  rec- 
r   crystals  with  rec- 
r  cross-section. 

See  p.  407. 

PYROXKNE 
GROUP. 

Essentially  calcium 
and  magnesium  sili- 
cates. 

»nal.        In  prismatic 
9,  often  large,  usually 
irominent  pyramid 
Also  massive. 

Characterised  by  its  crystals. 

APATITE. 
Ca4(CaF)(P04),. 

»nal.      In  small  crys- 
ften  in  rounded  barrel- 
forms.     Crystals  at 
cavernous.       Often 
I  and  botryoidal. 

Characterized  chiefly  by  its  struc- 
ture and  color.    Heavy. 

PYROMOR- 

PHITE. 

Pb4(PbCl)(P04)^ 
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NONMBTAIUC 

n.    Givea 
S.    Cannot  be  scratched  by  a  otnt, 

h.    Donotdufwa 


Color. 


Yellow, 
.    peen,  white, 
^    brown. 

I  


Luster. 


Vitreoos,  pearly. 


Olive  to 
blackish 
green,  yellow- 
green,  white. 

1 

yja    Yellow-green, 

fs,    white,  color- 
8    lees,    blue, 
gray,  brown. 

P.I    


Greasy,  waxlike. 


J  White,  gray, 

jS  blue,  green. 

§ 

I  z: — 

Z  Deep  asure- 

^  blue,     green- 
ish blue. 


Vitreous. 


Greasy,  vitreous. 


Vitreous. 


Cleavage  and 
Fracture. 


F.    Uneven.    One 
C.,  not  lurominent. 


F.    Uneven. 


F.  UnevwL.  May 
show  fairly  good 
C. 


F.    Conohoidal. 
Dodecahedral  C, 
seldom  seen. 


F.    Uneven. 


Hardness. 


iA 


3.5-6 


5.5 


5.5-6 


5-5.5 


Spec 
Ors?. 


2.3 


2.8 


4.(H.1 


2.1-2.3 


2.4 


NONMETALUC 

n.    Give  a 
4.  Cannot  be  scratched  by  a  knifei 

a.    Show  a 


Cleavage. 

Color. 

Luster. 

Hardness. 

Spec. 
GraT. 

&    C.    Basal. 

> 

White    to    pale 
green  or  blue. 

Vitreous  to  greasy. 

6 

3.0 

•3 

«     C.    Pinacoidal. 

8 

Colorless,     white, 
gray. 

Vitreous,  pearly. 

5-5.5 

2.6-2.9 

\\\ 


3t. 

3S  streak. 

i  be  scratched  by  a  knife. 

U  cleavage.    (Continued.) 


Uization  and 
ructure. 

Remarks. 

Name  and 
Composition. 

1  radiating  hemi- 
globular  forms. 

Characterized  by  its  structure. 

Wavellite. 

(A1.0H),(P04), 

6H,0. 

Fibrous  in  the  as- 
iety. 

Characterised    by    its    massive 
structure,  mottled  green  color  and 
frequently  by  the  presence  of  veins 
of  finely  fibrous  material,  known  as 
chrysotile  or  asbestos. 

SERPENTINE. 
H4MgjSiA« 

id  in  disseminated 

Seep.  423. 

WILLEMITE. 
ZnsSi04. 
Troostite. 
(Zn,Mn)sSi04. 

or    in    embedded 

Seep.  409. 

Sodalite. 

Na.(AlCl)Al, 

(SiO*),. 

lassive. 

Characterised  by  its  color. 

Lazurite 
(Lapis-Lazuli). 
(Na«,Ca)j(Al.NaS,) 
Al,(Si04),. 

SR. 

ss  streak. 

1  be  scratched  by  quarts. 

rUdeavage. 


Uization  and 
ructure. 

Remarks. 

Name  and 
Composition. 

sleavable  to  com- 
Lve. 

A   rare   mineral.    Usually    found 
with  lepidolite,  tourmaline,  etc. 

Amblygonite. 
Li(AlF)P04. 

sleavable  massive 

See  p.  405. 

WOLLASTONITE. 
CaSiOs. 
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NONMBTAIUC  1 
n.    Girea  . 
i.    Catinot  bfl  Mmtchad  hf  »  knili, 

a.    Showaprommat  \ 


Cloft?»«e. 

Color. 

LvmUr. 

HTd™.. 

gs 

.      C.     PiMWlcUl. 

i 

i^,  (innuh. 

Pnrly,  vitnxHI. 

8.S-7 

l< 

1 

Grayiili   -biw, 
tni«,i>ii>k. 

Vitr.™,  p«ily. 

MS 

" 

1 

Hair-brom.  t^Y 

Vilr*™.. 

e-7 

II 

t 

1 

YtlLowiih   lo 

J     C.   PLBMoLdnl 

darker  at  center  ol 

VitrBou.,  pculy. 

S-T 

It 

two  dirmlLooi. 
C.    Frisnutic. 

ColorlBM.  whiW. 

Vit™ou>, 

S-E.S 

M 

1™" 
1 

CdlorlMi.     whim 

Vitmou..  p«rly. 

B 

ER. 

sss  streak. 

m.  be  scratched  by  quarti. 

i,     (Continued.) 


Uization  and 
tructure. 

Remarks. 

Name  and 
Composition. 

»mbic.    In  thin  tab- 
stals    or    scales, 
r  foliated  structure. 

Pearly  luster  on  cleavage  face,  else- 
where vitreous.     Often  associated 
with  corundum,  chlorite,  marga- 
rite,  etc. 

Diaqx>re. 
AIO(OH). 

>mbic.  In  prismatic 
deeply  striated  ver- 
d  seldom  distinctly 
9d.     Also  massive, 
to  compact. 

Pearly  luster  on  cleavage  face,  else- 
where vitreous. 

Zoisite. 
Ca,(A1.0H)Als 

(Si04),. 

>mbic.    Commonly 

ender  unterminated 

Often  in  close  par- 

ups.      Fibrous,  co- 

In  schistose  rocks. 

Sillimanite 
(Fibrolite). 
AlsSiOf 

ic.    In  slender  pris- 
(Tstals,  striated  par- 
length  of  crystal, 
ous,  granular. 

Characterised  by  its  olive-green 
color.    When  transparwt  shows  di- 
chroism;  i.e.,  in  transmitted  light 
appears  green  in  one  position  and 
brown  in  another.  In  metamorphic 
rooks;   often  in  crystalline  lime- 
stones. 

EPIDOTE. 

Ca-CAl.OH) 

(Al,Fe),(Si04)i. 

See  p.  408. 

CYANITE. 
Al^iOt. 

E  prismatic. 

See  p.  405. 

NATROLITE. 

Na«Al(A10) 

(SiO,),.2H,0. 

ic.    In  cleavable 
r  in  irregular  grains 
:  constituent.    May 
vtals,  see  Figs.  2e»- 
1. 

Orthoclase  is  monoclinic  while  mi- 
crocline  is  triclinic.       Ordinarily 
they  can  only  be  told  apart  by  a 
microscopic    examination.      The 
green  amason  stone  is  usually  mi- 
crocline.      Characterized  by  its  2 
cleavage  planes  at  righ  angles;  the 
basal    cleavage    is    the    better. 
Found  as  a  prominwt  constitu«it 
of  granite   rooks   and   pegmatite 
veins,  associated  with  quarts  and 
mica. 

ORTHOCLASE, 

Microcline 
(Potash  Feldspar). 
KAlSiaO.. 
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NONMETALU 
n.    Give 
4.  Cftnnot  be  seratchAd  bf  a  koift 

a.    Show  a  pnmim 


Cleavage. 

Color. 

Luster. 

Hardnfltt. 

GflT. 

C.     Baaal  per- 
fect.  C.    Pina- 
ooidnl    not    so 
distinct.      The 
two  make  an- 
gles with  each 
other    varying 
from  85"  50'  to 
86' 24. 

ColorlesB,    white, 
gnyt  grocpish, 
bhusb,     reddish. 
Often    exhibit    a 
beautiful    play   of 
ooIot  on  thiB  cleav- 
age surfaces. 

Vitreous,  pearly. 

6 

2.6-2.J 

1 

J    C.     Prismatic. 

1 

.a 

White,  gray,  pink, 
em««ld-greea 

Vitreous. 

6.5 

.   3.2 

9 

i    C.      Prismatic 
8     making    angles 
C    of  55°  and  125°. 

White  to  green  to 
black. 

Vitreous,  pearly. 

5-6 

3.0-3 

C.     Prismatic. 
Perfect  at   an- 
gles of  54**  and 
126°. 

Gray,  dove- 
brown,  green. 

Vitreous,  pearly. 

6.5-6 

3.1 

C.     Prismatic. 
Not  very  per- 
fect at  angles 
nearly  90". 

Greenish  to  brown- 
ish black. 

Vitreous. 

6-6.5 

Z.l 

C.    Prismatic. 
Rather  poor  at 
90"  angles. 

White  to  green  to 
black. 

Vitreous. 

6-« 

3.1-5 

418 


ess  streak. 

m  be  scntohMl  b 

1.    (CoDtinued.) 


bllizatlon  and 
tructure. 

Kemarks. 

Name  and 

,ie.     In    cleavaiio 
T  in  irregulnr  gnata 

AnorthiW  -  CaAl.fii^,.    C&rao- 
teriwd  bj  a  perfsct  baui]  olmviice 

Oltca  on  the  best  cieaiaee  Burfiuio 
vnl]b«»».  a  »ri»  of  fi»  parallel 
nnalion    lm»    due    to    mtimalo 
twiniu.      Often  tbey  sbt>K  a  fine 

■tituaiU:  slblCa  and  oligooliua  in 
rte  light  eolored  eranitie  ™k.;  the 
itbera  in  the  darker  oolored,  mars 

orthits  mi^eculB. 

t^,-.iS5; 

Lilactopinkealledkunrile.    Grwn 
BoalledhiddanitB,   Oftfln  all«™  to 

SPODUMEh'E. 
(Li.NnlAKSiO.V 

C.     lo  sloDder  pris- 
xyatalB,  ebowing 
tdeovage. 

88ep.407. 

J^gBOL. 

w  fibrona  maanve; 
iryMalBmre. 

CharadtotlEeil  by  its  cleuvage  sd- 
oirn.     Not  common.     An  onho- 

Mg.F^l^iO,"'' 

A  rare  mineral. 

Acmile 

tL^In^^unjrij. 

See  p.  407. 

55?,^'" 

NONMETALUC 

n.    Give  a 
4.  Cannot  be  seratched  by  a  knife, 

a.     Showapnmmerd 


1 


Cleavage. 

Color. 

Luster. 

Hardness. 

Spec. 
On?. 

«    EoBtatite     haa 

8  fair     prismatic 
•&    C,  atW. 

9  Hypersthene 
Z    has  perfect 

g    pinacoidal  C. 

Gray-brown, 
Kreen,  bronie- 
brown,  black. 

Pearly,  brooae- 
like. 

6.5-6.5 

3.2-3.3 

E    C.      Prismatic 
«    at  nearly  90". 

Ro8»-red,  pink, 
brown. 

Vitreous. 

5-« 

3.6 

C.     Basal  and 
pjrramidal. 

Yellow,      brown, 
blue,  black. 

Adamantine. 

5.5-« 

3.8-3.9 

Dodeoahedral 
C,    seldom 
seen. 

White,  gray,  blue, 
green. 

Greasy,  vitreous. 

6.5-e 

2.1-2.3 

b.    Do  not  show  a 


Color. 

Luster. 

Cleavage  and 
Fracture. 

Hardness. 

Spec. 
Gn?. 

Colorless  or 
white. 

Vitreous. 

F.    Uneven. 

6-5.5 

2.3 

►,■2  Gray,  white. 
&  2)  colorless. 

Vitreous  to  dull. 

F.    Uneven. 

5.5-« 

2.5 

«§  Colorless,  pale 
«  «  green,  yellow. 

Vitreous. 

F.    Uneven. 

5-^.5 

2.9-3.0 

"3  o 

{^Colorless, 
ca^ white,  to  pale 
•a  ^  yellow. 

Vitreous. 

F.    Uneven. 

7 

3.0 

^  White,   gray, 
light  to  dark 
green,  brown. 

Vitreous  to  dull. 

F.    Uneven.    Pris- 
matic C,  seldom 
seen. 

5-6 

2.7 

Aaa 


TER. 

rless  streak. 

can  be  scratched  by  quarti. 

ige,    (Continued.) 


tallization  and 
Structure. 

Remarks. 

Name  and 
Composition. 

■hombio.     Crystals 
''  prismatic  but  rare, 
toniy  massive,  fibrous 
ellfl^. 

Enstatite  is  light  colored;  with  in- 
crsase  of  iron,  broniito,  is  olive- 
green  to  brown,  ofton  with  bronse- 
uke  reflections;  hypersthene,  rich 
in  iron,  is  dark  gnea  to  almost 
black.  An  orthorhombic  pyroxene. 

ENSTATITE 

(Bronxite). 

MgSiO,. 

Hypersthene. 

(Fe,Mg)SiO,: 

lie.     Usually  massive, 
t>le  to  compact. 

See  p.  407. 

RHODONITE. 
MnRiO,. 

onal.      In  psrramidal 
8.      At  times  tabular 
romin-nt  basal  plane. 

A  rare  mineral. 

Octahedrite 

(Anatase). 

TiO,. 

;ric.        Massive  or  in 
ded  grains.   Rarely  in 
bhedral  crystals. 

Frequwtly  blue.     A  rock-making 
mineral,    never    associated    with 
quarts.    Opaque  to  translucent. 

Sodalite. 

Na*(AlCl)Al, 
(SiO*),. 

inerU  cleavage. 


tallization  and 
Structure. 

Remarks. 

Name  and 
Composition. 

eiohednms. 

Seep.  411. 

ANALCITE. 
NaAl(SiO,),H,0. 

etric.    Intrapesohe- 

Characterised    by    its    crystals. 
Usually  gray  in  color  and  with  a 
dull  luster.    Translucent  to  opaque. 
Found    as    phenocr3r8ts    in    basic 
igneous  rocks,  never  with  quarts. 

LEUCITE. 
KAl(SiO,)^ 

linic.      Usually    crys- 
1. 

Seep.  411. 

DATOLITE. 
Ca(B0H)Si04. 

hombic.  In  prismatic 

s. 

See  p.  429. 

Danburite. 
CaB,(Si04),. 

onal.    Prismatic  crys- 
■anular  or  massive. 

Often  altered.    Opaque  to  translu- 
cent. 

SCAPOLITE. 
Ca«Al«Si«0»  with 
Na4Al,Si«OMCl. 
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NONMETALUC 

n.    Give  a 
i.  Cannot  be  scratched  by  a  knife, 

&.    Donotshowa 


Color. 

Luster. 

Cleavage  and 
Fracture. 

Hardness. 

Spec. 
On?. 

Colorless, 
gray,  greenish, 
reddish. 

Greasy,  vitreoos. 

F.   Uneven.   Pris- 
matic C,  Beldom 
seMi. 

6.5-6 

2.6 

Apple-green, 
gray,  white. 

i 

• 

Vitreoiis. 

F.    Uneven. 

6-6.5 

2.9 

5 

•a     Yellow- 
^5    green,  white, 
•  ♦*     colorless, 
&*§    blue,      gray, 

<    brown. 

Vitreous. 

F.   Uneven.   May 
show  fairly   good 
C. 

5.5 

4-4.1 

o3    Olive    to 

g     grayish- 
JS  "     green,  brown. 

hi-O 

Vitreous. 

F.     Unevoi.     C, 
rarely  seen. 

6.5-7 

3.3 

«g?3 

a^     Green, 

U  ^    brown,   blue, 
•     red,     pink, 
■ja    white,  black. 

Vitreous. 

F.    Uneven. 

7-7.5 

3-3.1 

8 

"j     Green, 

9    brown,   yel- 

low,    blue, 

red. 

Vitreous,  resinous. 

F.    Uneven. 

6.5 

3.4 

White   to 
green    to 
black. 

Vitreous. 

F.      Uneven. 
Rather  poor  pris- 
matic C,  at  90** 
angles. 

6-6 

3.1-34 

Clove-brown,  gray, 
green,  yellow. 

Vitreous. 

F.       Conchoidal. 
Pinacoidal  C,  not 
prominent. 

6.6-7 

3.3 

422 


TER. 

r 

less  streak. 

san  be  scratched  by  quarti. 

nent  cleavage,    (Continued.) 


;allization  and 
Structure. 

Remarks. 

Name  and 
Composition. 

>iial.       Usually  mas- 
Larely  in  small  prisms. 

A   rock-making    mineral.      Com- 
monly found  in  igneous  rocks  which 
do  not  contain  quartz.    Usually 
opaque  to  translucent  with  a  greasy 
luster. 

NEPHELITE. 
NaAlSiO*. 

hombic.      Rwifori», 
r  and  stalactitic  with 
line  surface.   In  groups 
lar  crystals,  often  bar- 
)ed.      Distinct  crys- 
e. 

Characterized  by  its  structure  and 
pale  green  color.    Translucent. 

PRRHNITE. 
H,Ca,Al,CSi04),. 

B  and  in  disseminated 
Rarely  in  hexagonal 
tic  crystals. 

Characterised   by   its   color   and 
granular  structure.     Associated  at 
f 'ranklin  with  red  xincite  and  black 
franklinite.    Troostite  is  brown  or 
gray  in  color. 

WILLEMITE. 
ZnsSi04 
Troostit«. 
(Zn,Mn)2Si04. 

Iiombic.          Usually 
r  either  in  masses  or 
inated. 

Characterized  usually  by  its  green 
color,  glassy  luster  and  granular 
structure.    Occurs  in  basic  igneous 
rocks. 

CHRYSOLITE 

(Olivine,  Peridot). 
(Mg,Fe),Si04. 

>nal,     rhombohedral. 
r  in  sloider  prismatic 

i. 

See  p.  431. 

TOURMALmE. 

A  complex  boron  sil- 
icate containing 
chiefly  Al,  Fe,  Mg, 
Mn,  alkalies,  F  and 
OH. 

>nal.     In  square  pris- 
crystals    terminated 
by  base  and  pyramid. 
»lumnar.      Granular 
e. 

Usually  green  or  brown  in  color. 
Transparent  to  translucent.    Often 
occurs  in  crystalline  limestones. 

VESUVIANITK 
(Idocrase) 
Ca«(Al(OH,F)) 
(Al,Fe)j(Si04)8. 

inic.      In  stout  pris- 
crystals  with  rectan- 
x)68-section. 

Seep  407. 

PYROXENE 
GROUP. 

ic.        Crystals  with 
xiges,  wedge-shaped, 
jnellar,  lamella  often 

• 

Characterized  by  its  crystal  habit. 
Transparrat  to  translucent.     Not 
common. 

Axinite. 
Ca,Al4B,(Si04),. 
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NOITMETALUC 

n.    Give  a 

4.  Cannot  be  leratehed  bj  a  knlf e, 

6.    Do  not  show  a 


Color. 

Luater. 

Clea?agaand 
Ftaeture. 

Hardness. 

Spec. 
On?. 

Red-brown  to 

brownish 

black. 

ResiBoiw.  Yitreoas. 
doll  when  altered. 

F.    Uneven. 

7-7.6 

3.8 

R«ddi8h 
brown,  flesh- 
red,  olive- 
(reen. 

VitraooB,  doU 
when  altered. 

F.     Uneven.     C. 
seldom  prominent. 

7.6 
Softer    when    al- 
tered. 

3.2 

Brown,     gray, 
green,  yellow. 

tine. 

F.   Uneven.   Pris- 
matic C.   sddom 
prominent. 

6-6.6 

3.4-3.5 

^    Yellowish      to 
*8    reddish  brown. 

8 

F.    Uneven. 

6-6.6 

5.2-5.3 

H     Brown  to 

F.    Uneven. 

(h7 

6.8-7.1 

9    black. 

^     Reddish 

^    brown  to  black. 

Adamantine. 

F.     Uneven.     C. 
not  prominent. 

(h6.6 

4.2 

Hair-brown  to 
black. 

Adamantine. 

F.    Uneven. 

6. 

4.0 

Brown  to  pitch- 
black. 

Pitchy  or  resinous. 

F.   Uneven  to  cdki- 
choidal. 

6.^-6 

3.64.2 

Blue,  rarely 
colorless. 

Vitreous. 

F.  Conchoidal. 
C.   Pinacoidal  not 
prominent. 

7-7.6 

2.6 

A2.^ 


TER. 

less  streak. 

»n  be  scratched  by  quarti. 

nent  cleavage,    (Continued.) 


»dlization  and 
Structure. 

Remarks. 

Name  and 
Compositioxi. 

hombic.       In     pruh 
srystals. 

See  p.  433. 

STAUROLITE. 

(AlOUAl.OH) 

Fe(Si04),. 

See  p.  431. 

Andalusite 

(Chiastolite). 

AlsSiOt. 

inic.      Wedso-ehaped 

9. 

See  p.  411. 

TITANITE 

(Sphene). 

CaTiSiO,. 

inic.    Granular. 

A  rare  mineral.    Heavy. 

MONAZITE. 
(Ce,  La,  Di)P04 
often  with  Th8i04. 

3ilar  masses;  in  rolled 

See  p.  431. 

CASSITERITE. 
(Tin  Stone)  SnO,. 

3nal.       In    prismatic 
i  vertically  striated; 
ander  acicular.   Crys- 
quttitly  twinned. 

Usually  gives  a  light  brown  streak. 
Usually  opaque  to  translucent. 

RUTIT.K. 
TiO^ 

rhombic.    Only  in 
s.    Habit  varied;  tab- 
rismatic;  resembling 
ml  pyramids,  etc. 

A  rare  mineral. 

Brookite. 
TiOf 

inic.    Massive  and  in 
ded  grains.    Crystals 
ibular. 

A  rare  mineral. 

Allanite. 
R,"(R.OH)R,"' 
(SiOi),. 

R"-Ca  and  Fe. 
R"  -Al,Fe,Ce,La 
Di. 

hombic.          In    em- 
1  grains;  also  massive, 
yt.     In  six-sided  pris- 
srjrstals. 

Transparent  to  translucent.     Most 
commonly  found  altered  with  foli- 
ated  structure,   a   grayish   green 
color,  and  softer  than  a  knife. 

lolite 

(Cordierite). 
H,(Mg,Fe)4 
Al»8iioO„. 
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NONMETALUC 

n.    Give  a 
4.  Cannot  be  8cr«tohed  by  a  knife, 

6.    Do  not  show  a 


Color. 

Luster. 

Cleavage  and 
Fracture. 

Hardness. 

Spec. 
Ora?. 

Deep  axure- 
blne.    greenish 
blue. 

Vitreous. 

F.    Uneven. 

5-5.5 

3.0-3.1 

• 

S    Axure-blae. 

Vitreous. 

F.    Uneven. 

5^.5 

2.4 

Blae«  greeOf 
white,  gray. 

Greasy,  vitrecos. 

F.  Coochoidal. 
Dodecahedrai  C. 
seldom  seen. 

5.5-6 

2.1-2.3 

Pink  to  red.    See  tourmaline,  p.  423. 

Black.    The  following  mineralH  may  be  almost  or  quite  black;  casdterite, 

NONMETALLIC 

n.    Give  a 
$,  Cannot  be  scratched 

a.    Show  a 


Cleavage 

Color. 

Luster. 

Hardness. 

Spec. 
Gra?. 

Perfect  basal  C. 

Colorless,  yellow, 
pink,  bluish,  green- 
ish. 

Vitreous. 

8 

3.5 

C.    Pinacoidal. 

Hair-brown,  gray, 
grayish  green. 

Vitreous. 

(h7 

3.2 

C.    Prismatic. 

White,  gray,  pink, 
emerald-green. 

Vitreous. 

6.5-7 

3.2 

C.    Octahedral. 

Colorless,  yellow, 
red,    blue,    gray, 
black. 

Adamantine. 

10 

35 

See  also  corundum,  p.  429,  which  may  show  a  parting  resembling  cleavage. 


LUSTER. 

colorless  streak. 

bat  can  be  scratched  by  quartz. 

TpTominerU  deavage.    (Continued.) 


Crystallizatioxi  and 
Structure. 

Remarks. 

Name  and 
Composition. 

Usually  maasive. 

Characterised  by  its  color. 

Lazurite 
(Lapis- I.>azuli). 
(Naj,Ca)j(Al.NaS,) 
Ala(Si04)3. 

Usually  in  pyramidal  crys- 
tals. 

A  rare  mineral.    Characterized  by 
its  color.   Told  from  lazurite  by  its 
crystals.    Opaque. 

Lazulite. 
(Mg,Fe)(A1.0H), 

Massive. 

See  p.  421. 

SODALITE. 
Na4(AlCl)Al, 
(8164)3. 

mtile,  brookite,  allanite,  p.  425;  pyroxene  and  tourmaline,  p.  423. 

LUSTER. 

colorless  streak, 
bj  quartz. 

prominent  cleavage. 


Crystallization  and 
Structure. 

Remarks. 

Name  and 
Composition. 

Orthorhombic.  In  prismatic 
crystals,  terminated  by  base, 
pyramids  and  domes.    Also 
coarse  to  fine  granular. 

Charaoterized  by  its  crystals,  hard- 
ness and  cleavage. 

TOPAZ. 

(AlF),Si04 
(OH)  iso.  with  F. 

Orthorhombio.    Commonly 
in  long  slender  crystals. 

See  p.  417. 

Sillimanite 
(Fibrolite). 
AljSiOj. 

Monoclinic. 

See  p.  410. 

SPODUMENE. 
(Li,Na)Al(SiO,),. 

Isometrio.       In  octahedral 
orystala.  faces  usually  rough 
and  curved.       In  irregular 
rounded  pieces. 

Characterized  by  its  extreme  hard- 
ness.   Rare. 

Diamond. 
C. 
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NONMETALUC 

n.    Give  a 

$.  Cannot  be  scrstched 

h.    Donotskowa 


Color. 

Luster. 

Cleavage  and 
Fracture. 

Hardness. 

Spec. 
Gra?. 

OolorleoB. 
white, 

smoky,  ame- 
thyst.   Vari- 
ously ookM«d 
when  impure. 

15 

Vitreous,  greasy. 

F.    Conchoidai 

7 

2.8 

o  5    Colorless, 
9*8    white  to  pale 

J'S   yellow* 

Vitreous. 

F.    Uneven. 

7 

3.0 

S^    White,  oolor- 
g        less. 

Vitreous. 

F.    Cnnchoidal. 

7.5-« 

2.9 

White,  gray, 
blue,  yellow, 
brown,  green, 
pink,  red. 

Adamantine    to 
vitreous. 

F.    Uneven. 

9 

4.0 

Lavender, 
blue,     green, 
brown,     red, 

•    black. 

S 

Vitreous. 

F.    Conchoidai. 

8 

3.W.8 

j^     Bluish  green, 
Jj     green,  yellow, 
•d     pink,  colorless. 

o 

1 

Vitreous. 

F.  Conchoidai, 
uneven. 

7-7.5 

2.7 

M 

^     Yellowish  to 
emerald- 
green. 

Vitreous. 

F.  Conchoidai, 
uneven.        C.  not 
prominoit. 

8.5 

3.6-3.8 

42& 


PER. 

less  streak. 
iiartB. 

nent  deavage. 

»llization  and 
Structure. 


ix>hedral,  tn^iesohe- 
Irregular  maasive:  in 
ded  grains;  as  pebbles, 
Crystals  usualljr  show 
oal  prism  terminated 
it  appeuB  to  be  a  hex 
pyramid.  Prism 
ire  striated  horisoo- 
Crystals  frequently 


hombic.  In  prismatic 
s,  resembling  those  oi 
Also  disseminated  in 
let  crystals  and  irreg 


tx)hedral.      In  small 
ohedral  crsrstals. 


Hial,  rhombohedral. 
sular  masses  showing 
les  an  almost  cubic 
re  owing  to  a  rhombo- 
parting.  In  rude 
,  often  banelHshi4;)ed. 


ric.     In  octahedrcms; 
mes  twinned. 


inal.  Usually  in  pris- 
crystab  with  basal 
pyramid  faces  rare, 
imes  deeply  furrowed 
.lly.  Crystals  at  times 
Also  irregular,  mas- 


hombic.  In  tabular 
s  which  are  frequently 
d    giving    hexagonal 


Bexnarks. 


Characterised  by  its  crystals;  its 
conchoidal  fracture  and  vitreous 
luster.  For  description  of  varieties 
see  pp.  175-177.  TAuisparent  to 
translucent.  Most  oonunon  min- 
eral. 


Characterised  by  its  crvstals. 
Distinguished  from  topas  by  its 
lack  of  cleavage.  Transparent  to 
translucent.    A  rare  mineral. 


A  rare  mineral. 


Characterised  by  its  extreme  hard- 
ness. Ruby»red;  sapphire'>blue; 
various  other  colors.  Emery  is  im- 
pure corundum  usually  with  magne- 
tite. May  show  rhomboheoral 
parting  with  nearly  90*  angles. 


Characterised  by  its  crjrstals  and 
its  hardness.  Ruby  spinel  when 
red. 


Often  shows  a  mottling  of  color  due 
to  alternation  of  transparent  and 
opaque  spots.  Crystals  very  char- 
acteristic. Most  common  color  » 
blue-green,  known  as  aqua-marine; 
also  deep  green  as  emerald;  yellow 
as  golden  beryl;  pink  as  morganite. 
Found  in  pegmatite  veins. 


A  rare  mineral, 
its  hardness. 


Characterized  by 


Name  and 
Composition. 


§  QUARTZ. 
iO,. 


Danburite. 
CaB,(Si04),. 


Phenacite. 
BesSi04. 


CORUNDUM. 
AUO,. 


SPINEL. 
MgAlA. 


BBRYL. 

Be,Al,(SiO,)aiHA 


Chrysoberyl 

(Alexandrite). 

BeAl,04. 
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NONMETALUC 

n.    Ghrea 

i.    Cannot  be  sentehed 

b,    Donoifima 


Color. 


i 


Greeo, 
brown,  bine, 
red,  pink, 
white,  black. 


Luster. 


Vitreous. 


Cleayageand 
Rracture. 


F.    Uneven. 


I 


S 


Green,  gray, 
white. 


5-0 


I 


JO 


Olive  to  gray 
iflh  green, 
brown. 


•I 
i 

o 

OS 


Green, 
brown,     yel- 
low, blue, 
red. 


Dark  green. 


Reddish  brown 
to  black. 


I 

"8 

s 


Reddish 
brown,  ^esh- 
red,  olive- 
green. 


Vitreous. 


Vitreous. 


Vitreous,  resinoos, 


Vitreous. 


Adamantine. 


Vitreous,  dull 
when  altered. 


F.  Splintery.  C, 
prismatic  at 
nearly  90*  angles, 
not  prominent. 


F.     Uneven.     C. 
rarely  seen. 


F.    Uneven. 


F.  Conohoidal, 
uneven. 


F.     Uneven.     C. 
not  prominent. 


F.Unevw.    C. 
seldom  prominent. 


7-7.5 


6.5-7 


6.5 


7.5-8 


6-7 


7.5 


Spae. 
GnT. 


3.H.1 


3.3 


3.3 


3.4 


4.5 


6.8-7.1 


3.2 


ASa^ 


3S  Streak. 
rtz, 

it  cleavage.     (Continued.) 


iization  and 
Picture. 

Remarks. 

Name  and 
Composition. 

sdral.    Usually  in 
■ismatic    crystals, 
srtically.      Croas- 
lally  resembles  a 
triangle.      When 
1    usually    shows 
rhombohedrons. 
slender   radiating 

Widely  various  in  color.  Most  com- 
monly black.    Of  the  lighter  colors 
green  is  most  frequent.   Character- 
ized   by    its    crystal    structure. 
Crystals  exhibit  pyro-electricity; 
i.e.,  after  being  heated  they  will 
attract  and  hold  small  pieces  of  tis- 
sue paper,  etc.,  A  candle  flame  may 
be  used.    Found  in  pegmatite  veins 
and  metamorphic  rocks. 

TOURMALINE. 

A  complex  boron  sil- 
icate containing 
chiefly  Al,Fe,Mg, 
Mn,  alkalies  F  and 
(OH). 

massive,  usually 
apact. 

Translucent.    A  rare  mineral. 

Jadeite 
(Jade). 
NaAlSijOe. 

ibic.     Usually 

See  p.  423. 

CHRYSOLrrE 

(Olivine,  Peridot). 
(Mg,Fe)jSi04. 

1. 

See  p.  423. 

Vesuvianite 
(Idocrase). 
Ca,(Al(OH,F)) 
(Al,Fe),(Si04).. 

Usually  in  octa- 
Sometimes 

Characterized  by  its  crystals  and 
hardness.    A  variety  of  spinel;  see 
p.  429. 

Gahnite 
(Zinc  Spinel). 
ZnAljOi. 

[.         In   irr^ular 
compact  fibrous, 
tructure;  in  rolled 
barely  in  prismatic 
tirins. 

Very  heavy.      Usually  opaque  to 
translucent.      Often  gives  a  light- 
brown   streak.     Usually   to   be 
scratched  by  quartz  with  difficulty. 
Occurs  as  rolled  grains  in  sand,  in 
pegmatite   veins   and   in   granite 
rocks. 

CASSirERIIE 

(Tin  Stone). 
SnOs. 

abio.       In  coarse 
ic  crystals   with 
lare  cross-section. 

Often  soft  on  surface  due  to  altera- 
tion.   Frequently  a  cross-section  of 
a  crystal  will  show  a  dark-colored 
cross  due  to  a  reiular  arrangement 
of  impurities  in  the  interior  of  crys- 
tal.  Occurs  in  metamorphic  rocks, 
usually  clay  slates. 

Andalusite 

(Chiastolite). 

AljSiO,. 
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NONMETALUC 

n.    Give  a 

6.  Cannot  be  serstehfld 

h.    Donot^a 


Color. 


Ck>ve-browB, 
sreen,  yellow, 
gray. 


S 


•a. 


i 


> 

3 

8 
I 


>iC& 


Red-brown 
to    brownish 
black. 


Luster. 


Vitreoua. 


Rennons,  yitreous. 
Dull  when  altered. 


Brown,    red,, Adamantine. 

gray,    green, 

colorless. 


Usually 
brown  to  red. 
Also   various 
shades  of  yel- 
low, green, 
pink,  etc 


Vitreous. 


Cleavage  and 
Fracture. 


F.  Conchoidal. 
C.  Pinaooidal, 
not  pronxinent. 


F.    Uneven. 


F.  Conchoidal. 
C  prismatic  not 
prominent. 


F.    Uneven. 


Hardness. 


6.5-7 


7-7.5 


7.5 


Spec 
Gm. 

3.3 


3.7 


4.7 


6.6-7.6 


3.1-4.3 


Yellow  minerals,  see  conmduoi,  beryl,  p.  429,  azinite  and  garnet  above. 
Pink  to  red  minerals,  see  corundum,  spinel,  beryl,  p.  i20,  tourmaline,  p.  431,  and 
garnet  above. 

Black  mineral,  see  tourmaline,  p.  431, 


t&l 


;  streak, 
z. 

cleavage.    ( Continued .) 


sation  and 
icture. 

Remarks. 

Name  and 
Composition. 

See  p.  423. 

Axinite. 
Ca7Al4B2(Si04)9. 

ic.  In  prismatic 
•y  commonly  in 
netration  twins. 

Cbaracterized  by  its  crystals.  May 
be  altered  to  earthy  material  in 
which  case  it  can  be  softer  than  a 
knife.     Opaque  to  translucent. 
Occurs  in  mica  schist. 

STAUROLITE. 
(A10)4(A1.0H)Fe 

(Si04)2. 

al.    Usually  in 
I  terminated  by 
the  same  order, 
lins  in  sand. 

Characterized    by    its    crystals. 
Usually  opaque. 

ZIRCON. 
ZrSi04. 

Commonly  as 
»ns      trapezobe- 
mbination  of  tbe 
led  grains. 

Grossularite=Ca8Al3(Si04)s.  usu- 
ally light  yellow  or  green.    Pyrope 
»  Mg^l2(Si04)„  deep  red.       Al- 
mandite  =  Fe8Alj(Si04)s,  brown  to 
red.    Spesciartite  =  MnsAl2(Si04)a, 
red.     Andradite  =  CasFe2  (8104)9, 
green,   yellow,   brown,   to  black. 
Uvarovite  =  CajCrjCSiOi).,  emer- 
ald-green.   Characterized  by  crys- 
tal shape  and  commonly  its  red 
color.    An  accessory  rock  mineral. 
Commonly  in  metamorphic  rocks. 
As  sand. 

GARNET. 
R",R'",(Si04)s. 
R"  =  Ca,Mg,Fe,Mn 
R'"  =  Al,Fe,Cr. 
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Acmite,  419 
Actinolite,  407 
Alabandite.  381 
Albite,  419 
Allanite,  425 
Amblygonite,  415 
Amphibole,  407,  419 
Analcite,  411,  421 
Anatase,  421 
Andalusite,  425,  431 
Andesine,  419 
Anglesite,  399 
Anhydrite,  397,  409 
Anorthite,  419 
Anthophyllite,     407, 

419 
Antimony,  375 
Apatite,  413 
Apophyllite,  405 
Aragonite,  411 
Argentite,  373 
Arsenic,  375 
Arsenopyrite,  383 
Atacamite,  391 
Augite,  407 
Axinite,  423,  433 
Azurite,  391 

Barite,  399,  409 
Bauxite,  401,  413 
Beryl,  429 
Biotite,  393 
Bismuth,  381 
Bismuthinite,  375 
Borax,  399 
Bomite,  377 
Boumonite,  375 
Brochantite,  391 
Bronzite,  421 


Brookite,  425 
Brucite,  393 

Calamine,  411 
Calaverite,  377 
Calcite,  397,  407 
Camallite,  399 
Cassiterite,  389,  425, 

431 
Celestite,  399 
Cerargyrite,  395 
Cerussite,  401 
Chabazite,  409 
Chalcanthite,  391 
Chalcocite,  373 
Chalcopyrite,  377 
Chloanthite,  383 
Chromite,  379,  385 
Chrysoberyl,  429 
Chiysocolla,  391 
Chrysolite,  423,  431 
Cinnabar,  371,   381, 

387 
Clinochlore,  393 
Cobaltite,  383 
Colemanite,  405 
Columbite,   385 
Copper,  381 
Corundum,  429 
Covellite,  377 
Crocoite,  389 
Cryolite,  401 
Cuprite,  379,  387 
Cyanite,  403,  417 

Danburite,  421,  429 
Datolite,  411,  421 
Diamond,  427 
Diaspore,  417 


Diopside,  407 
Dolomite,  397, 407 

Embolite,  395 
Enargite,  373 
Enstatite,  421 
Epidote,  417 

Fluorite,  409 
Franklinite,  385 

Gahnite,  431 
Galena,  371,  375 
Garnet,  423 
Garnierite,  403 
Genthite,  403 
GersdorflSte,  383 
Goethite,   381,  387; 

389 
Gold,  381 
Graphite,  371 
Greenockite,  401 
Gypsum,  395 

Halite,  397 
Harmotone,  405 
Hematite,  371,  379, 

385,  387 
Heulandite,  405 
Hornblende,  407 
Hypersthene,  421 

Ilmenite,  385 
lolite,  425 

Jadeite,  431 
Jamesonite,  323 

Kaolinite,  401 
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ite,  419 
427 

415,  427 

5,397 

ilane,  393 

(21 

,  371,    381, 

19 

383 
>rllite,  403 

e,  383 
e,  409 
e,  391 
be,  379 
5,  383 
e,  397 
le,  417 
377 

I,  401,  413 
Qite,  371 
!,  413,  425 
e,  393 

,  405,  411, 

J,  423 
,  377,  383 
5 

ite,  421 
3,419 
,391 
t23,  431 
,391 
e,  417 

405,  411 
te,  377 
5,429 


Phlogopite,  393 
Platinum,  381 
Plagioclase  Feldspars, 

419 
Polybasite,  373 
Prehnite,  423 
Proustite,  387 
Psilomdane,  373, 385 
Pyrargyrite,  379,  387 
Pyrite,  383 
Pyrolusite,  371,  373 
Pyromorphite,  413 
Pyrophyllite,  393 
Pyrrhotite,  377 
Pyroxene,   407,  413, 

419,  423 

Quartz,  429 

Realgar,  389 
Rhodochrosite,  409 
Rhodonite,  407,  421 
Rutile,  389,  425 

Scapolite,  411,  421 
Scheelite,  413 
Serpentine,  403,  415 
Siderite,  409 
Sillimanite,  417,  427 
Silver,  381 
Smalltite,  383 
Smithsonite,  409,  411 
Sodalite,    409,    415, 

421,  427 
Soda  Niter,  395 
Sphalerite,  379,  389, 

409 
Spinel,  429 
Spodumene,  419,  427 
Stannite,  375 
Staurolite,  425,  433 


Stephanite,  373 
Stibnite,  371,  375 
Stilbite,  403 
Stromeyerite,  373 
Sulphur,  391,  395 
Sylvanite,  377 
Sylvite,  395,  397 

Talc,  393 
Tantalite,  385 
Tellurium,  375 
Tetrahedrite,  373 
Thorite,  389 
Titanite,  411,  425 
Topaz,  427 
Tourmaline,  423,  431 
Tremolite,  407 
TriphyUite,  403 
Turgite,  379, 385, 387 

Uraninite,  385 

Vanadinite,  401 
Vesuvianite,  423,  431 
Vivianite,   391,   395, 
397 

Wavellite,  403,  415 
Willemite,  415,  423 
Witherite,  397,   401, 

405,  411 
Wolframite,  379,  385 

389 
Wollastonite,  405,415 
Wulfenite,  413 

Xenotine,  413 

Zincite,  389 
Zircon,  433 
Zoisite,  417 
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UST  OF  MINERALS  SUTTABLB    FOR   A  SMALL 

MINERAL  COLLECTION. 

For  the  convenience  of  those  who  desire  to  possess  a  small 
but  representative  mineral  collection  the  following  list  is  given, 
The  names  of  the  more  important  species  are  printed  in  black 
face  type,  and  the  names  of  other  desirable  but  less  importan 
minerals  in  ordinary  type.  The  first  list  includes  59  names 
while  the  complete  list  numbers  109. 


Oraphite 

Sulphur 

Qold  in  quartz 

SUver 

Copper 

Orpiment 

Stibnite 

Molybdenite 

Oalena 

Argentite 

Chalcocite 

Sphalerite 

Cinnabar 

Millerite 

Niccolite 

Pyrrhotite 

Bomite 

Chalcopsrrite 

Pyrite 

Marcasite 

Arsenopsrrite 

Tetrahedrite 

HaUte 

Fluorite 

Cryolite 

Quartz    (several 

varieties) 
Opal 
Cuprite 
Zincite 
Corundum 
Hematite 
Spinel 
Magnetite 
Franklinite 
Chromite 
Cassiterite 
Rutile 


Pyrolusite 

Manganite 
Limonite 

Brucite 
Caldte 
Dolomite 
Siderite 

Rhodochrosite 
Smithaonite 
Aragonite 

Witherite 
Strontianite 
Cerussite 
Blalachite 

Azurite 

Orthoclase 

Albite 

Oligoclase 

Labradorite 

Leucite 

Pjnroxenes  (several 
varieties) 

Spodumene 

Pectolite 

Rhodonite 

Amphibole  (sev- 
eral varieties) 

Beryl 

Garnet 

Chrysolite 

Willemite 

Scapolite 

Vesuvianite 

Zircon 

Topaz 

Andalusite 

Cyanite 

Datolite 


Spidote 

Prehnite 

Calamine 

Tourmaline 

Staurolite 

Apophyllite 

Heuhmdite 

Stilbite 

Chabazite 

Analcite 

NatroUte 

Muscovite 

Lepidolite 

Biotite 

Phlogopite 

Clinocnlore 

Serpentine 

Talc 

Kaolinite 

Chrysocolla 

Titanite 

Columbite 

Monazite 

Apatite 

I^Tomorphite 

Mimetite 

Vanadinite 

Turquois 

Uraninite 

Barite 

Celestite 

Anglesite 

Anhydrite 

Wolframite 

Scheelite 

Wulfenite 
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.APPENDIX  II.     MINERAL  STATISTICS. 

INTRODUCTION. 

Brief  statistics  relative  to  the  amount  and  value  of  the  pro- 
duction of  the  different  economic  minerals  and  metals  are  pre- 
sented below.  The  figures  have  been  taken  from  the  bul- 
letin of  the  United  States  Geological  Survey  entitled  Mineral 
Resources  of  the  United  States  for  1910.  Unless  otherwise 
stated  all  statistics  refer  to  productions  from  the  United  States. 
A  condensed  summary  of  the  mineral  production  for  the  year 
1910  is  given  first.  The  remaining  matter  is  arranged  in  alpha- 
betical order. 

SUMMARY  OF  THE  MINERAL  PRODUCTION 
OF  THE  UNITED   STATES  FOR   1910. 

Metals. 

Pig  Iron $425,115,235    Zinc $27,267,732 

Silver 30,854,500    Mercury 958,153 

Gold 96,269,100    Aluminium  8,955,700 

Copper 137,180,257  

Lead 32,755,976  Total $760,743,467 

Nonmetals. 

Bituminous  Coal  .  .$469,281,719  Sand  (molding,  etc.)  $19,520,919 

Anthracite  Coal 160,275,302  Slate 6,236,759 

Natural  Gas 70,756,158  Stone 76,520,584 

Petroleum 127,896,328  Borax 1,201,842 

Clay  products 170,115,974  Gypsum 6,523,029 

Cement 68,752,092  Phosphate  rock 10,917,000 

Lime 13,894,962  Pyrite 958,608 
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Nonmetals  {Continued) 

Sulphur $4,605,112    Glass  sand $1,516,7U 

Salt 7,900,344    Graphite 377,176 

Mineral  Paints 2,174,735    Mica 337,097 

Zinc  oxide 5,325,636    Mineralwators 6,357,590 

Asphalt 3,080,067    Quartz 193,757 

Bauxite 716,258    Talc 864,213 

Feldspar 502,452    Tungstoi  ores 807,307 

Gems 295,797  • 


Total $1,242,701,402 

Total  value  of  all  mineral  products  =  $2,003,744,869. 

Aluminium. 

The  production  of  bauxite,  the  ore  of  aluminium,  in  1910  had 
a  value  of  $716,258.  The  production  of  the  metal  totaled 
47,734,000  pounds.  Its  price  varied  from  20  to  24  cents  per 
pound. 

Antimony. 

Practically  no  ores  of  antimony  are  mined  in  the  United  States. 
The  domestic  source  of  the  metal  is  confined  to  the  smelting  of 
antimonial  lead  ores  where  it  is  obtained  in  the  nature  of  a  by- 
product. The  value  of  the  antimony  thus  obtained,  during 
1910,  was  $263,431. 

Apatite,  see  Phosphate  Rock. 

Arsenic. 

Arsenic,  chiefly  in  the  form  of  the  oxide,  is  produced  by  only  a 
few  companies  in  the  United  States  and  the  total  production  is 
comparatively  small.  It  is  practically  all  obtained  as  a  by- 
product from  the  smelting  of  ores  that  contain  small  amounts 
of  the  metal.  A  large  part  of  the  production  comes  from  the 
smelting  of  the  copper  ores  at  Butte,  Montana,  which  contain 
arsenic  in  the  form  of  the  mineral  enargite.  The  amount  of 
arsenic  oxide,  or  white  arsenic,  produced  in  1910  was  2,  994,000 
pounds  with  a  value  of  $52,305. 


UQOunt  of  asbestoB  produced  ia  small,  amotmtiDg  to 
worth  in  1910.    Imports  for  the  same  year  had  a  value 


■alue  of  the  barite  produced  in  1910  was  $121,746.  The 
uaount  came  from  Missouri. 

Bauxite,  see  Aluminium. 
Bismuth, 
bismuth  was  produced  In  1910.    Imports  of  the  metal 
the  value  of  $332,668. 

Borax. 

isiderable  amount  of  the  borates  produced  in  the  United 
;omes  from  the  mineral  colemanite.  All  the  borates 
ire  grouped  together,  however,  under  the  title  borax. 
ue  of  the  production  for  1910  was  $1,201,842. 

Calcite. 

ndng  are  the  statistics  for  the  production  of  Portland 
for  1910. 


'^^^r 

VbIub. 

26,075,978 
7,219,199 
5,655,808 
6,385,588 
4,459,450 
4,453,589 
4,184,698 
3,687,719 
3,296,350 

10,529,572 

519,551,268 

5,359,408 
8,843,210 
4,119,012 

irk..    , 

■atatea 

10,614,550 

'otal 

76,549,951 

$68,205,800 

production  of  cement  of  all  cl 

?52,092. 


s  for  1910  had  a  value 
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The  value  (rf  the  productHKi  of  linKstwie  for  ttw  year  1910 
follows. 

niJDow,      $3,847,715  (Hiio,  $4,357,432 

loduna,      4,472^1  Pennsylvaiua,   5,394,6^ 

MiBBOuri,     2,360,604  Other  states,    14.171,075 

New  York,  2,813,476  Total,        34,603,678 

Cement,  see  above. 

Chromite. 

The  production  and  imports  of  chromhe  for  the  year  1910 

(oltow.     Chromite  chiefly   from  California,    205   Uma;    value 

$2,729.    Imported,  chiefly  from  New  Caledonia,  Greece  and 

Canada,  38,579  tons;  vahie  $415,768. 

Clay. 

The  total  value  of  the  various  kinds  of  clay  produced  in  1910 

was  $3,625,485.     The  value  of  kaolin  produced  was  $255,873. 

The  value  of  kaolin  imported  during  1910  was  $1,593,472.    The 

total  value  of  all  brick  and  tile  products  was  $136,331,296;  that 

of  pottery  products  was  $33,784,678. 

Copper. 

The  amounts  of  copper  produced  in  the  years  1900, 1905  and 

1910  follow. 


ISOO. 

.«s. 

1910. 

Alaska 

Arieona 

California 

Colorado 

118,317,764 
28,511,225 

7,826,949 

290,162 

145,461,498 

270,738,489 

407,535 

4,169,400 

7 
18,354,726 
12,039,418 

4,900,866 

235,908,150 

16,697,489 

9,404,830 

7,321,585 

230,287,992 

314,750,582 

413,292 

5,334,192 

1 

58,153,393 

18,735,472 

4,311,026 
297,250,538 
45,760,200 
9,307,497 
6,877,515 
221,462,984 

M™t£.T 

&i;494,6« 
3,784,609 

Utah 

Other  Htatea 

125,185.455 
2,914,795 

Total 

606,117,166 

901,907,843 

1,080,159,509 
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Note.  —  Practically  the  entire  production  of  Michigan  is 
from  native  copper;  that  of  the  other  states  is  from  various  other 
ores. 

The  value  of  copper  varies  quite  widely  from  year  to  year. 
One  pound  was  worth  about  16.75  c.  in  1900;  15.63  c.  in  1905; 
13  c.  in  1910. 

The  United  States  furnished  in  1910  considerably  more  than 
one-half  of  the  total  world's  production.  The  other  countries 
that  produced  niore  than  25,000  tons  were,  in  the  order  of  their 
rank,  Mexico,  Spain,  Portugal,  Japan,  Australasia,  Chile, 
Canada,  Germany. 

Corundum. . 

The  production  of  corundum  for  abrasive  purposes  is  practi- 
cally negUgible.  Since  1898,  when  the  production  was  valued 
at  $275,064,  it  has  rapidly  fallen  until  in  1910  the  only  corundum 
produced  was  in  the  form  of  emery  with  a  total  value  for  the 
year  of  $15,077.  Considerable  amounts  of  emery  are  imported, 
the  value  for  1910  being  $816,167.  The  decline  in  the  domestic 
production  of  corundum  is  due  in  large  part  to  the  manufacture 
of  the  artificial  abrasives,  carborundum  and  alundum.  The  value 
of  such  materials  produced  in  1910  was  $1,604,030.  For  the 
production  of  corundum  as  sapphire,  see  under  gem  stones. 


Feldspar. 

The  production  of  feldspar  for  1910  was  as  follows. 


Connecticut.. 

Maine 

Maryland 

New  York . . . 
Pennsylvania 
Other  States. 

Total.. 


Quantity. 


81,102 


Value. 


Tons. 

18,739 

$89,974 

20,762 

196,463 

9,977 

47,340 

12,412 

46,864 

15,091 

104,751 

4,121 

16,060 

502,452 
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Ftuorite,  Fluorspar. 

The  production  cd  Suorite  during  1910  was  as  follows: 
Colorado  and  New  Mexico,  ^,858;  DlinoiB,  $277,764;  Ken- 
tucky, S124,S74;  Total,  t430,196. 


The  value  of  garnet  produced  for  an  abradve  during  1910  wks 
$113,574. 


Gem 

The  value  of  the  gems  and  ornamental  stones  produced  is  tbe 
United  States  for  1910  was  $295,797.  More  than  20  differeot 
minerals  contributed  to  this  total,  the  majority  of  them  beini 
found  in  small  amounts,  however.  The  values  of  the  producboD 
of  the  more  important  atones  follow:  Sapphire,  $52,983;  Spodu- 
mene,  variety  kunzite,  $33,000;  Tourmaline,  $46,500;  Turquoise 
and  turquoise  matrix,  $85,900. 


The  values  of  the  gold  production  in  the  years  1900, 1905  and 
1910  are  given  below. 


xm. 

IMS. 

IBIO. 

*S,l7l,000 
4,IB3,400 
15,816,200 
28,829,400 
1,724,700 
4,698,000 
2,006,200 
1,604,700 
6,177,600 
5,859,800 

$15,630,000 
2,799,214 
18,898,545 
26,023,973 
1,075,618 
4,794,083 
5,269,819 
1,405,235 
6,989,492 
6,274,102 

S16, 126,749 
3,149,366 
19,715,440 
20,507,058 
1,096,842 
3,730,486 
]8,878,SS4 

Idaho 

5,402,257 
5,647,228 

Total 

$79,171,000 

$88,159,881 

894,933,778 
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The  gold  production  of  the  leading  countries  for  the  year  1910 
follows. 


United  States, 

$94,933,778 

Rhodesia, 

$12,607,791 

Canada, 

10,224,910 

Transvaal, 

155,730,260 

Mexico, 

24,073,100 

China, 

10,102,300 

Russia, 

40,169,000 

India, 

12,089,500 

Australasia, 

65,329,705 

Total  includini 

;  all  other  countries. 

$456,847,786 

Graphite. 

The  production  of  natural  graphite  in  1910  was  as  follows. 

Value. 


New  York .... 
Pennsylvania . 
7  other  states. 

Total... 


$158,500 

82,194 

136,482 

$377,176 


Artificial  graphite  produced  in  1910  amounted  to  13,149,100 
pounds;  value,  $945,000. 

Ceylon  produced  graphite  in  1909  with  a  value  of  $2,587,531; 
Austria,  $320,380;  United  States,  $345,509;  total  world's  pro- 
duction, $3,525,140. 


GjpsvLm. 

The  value  of  the  gjrpsum  produced  in  the  various  states  for 

1910  follows. 

California, 

$242,203 

New  York, 

$1,153,977 

Colorado, 

118,809 

Ohio  and  Virginia, 

821,213 

Iowa, 

943,849 

Oklahoma  and  Texas, 

941,256 

Kansas, 

377,222 

Utah, 

149,089 

Michigan, 

668,201 

Other  states. 

654,292 

Nevada  and 

1  452,918 

Oregon 

Total 


$6,523,029 
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Iran. 

The  productkm  in  long  tois  of  the  different  iroo  oies  by 
states  is  given  in  the  following  table  iat  1910. 


Hematite. 


te. 


Alabama 3,678,139 

Michigan 13,303,906 

Minnesota \  31,966,769 

Xew  Jersey 

New  York 64,738 

Pennsylvania 846 

Tennessee 301,838 

Virginia. I         81,647 

Wisconsin 1,148,846 

Other  states 820,278 


1,123,136 


Total I  51,367,007 


106,544 
430,409 
821,131 
705 
386,647 


2,868,572 


Mapetite. 


521,832* 
1,222,471* 
632,409 


«J«79 

254,524 


2,631,835 


*  Limonite  included  with  masnetite. 

Total  of  all  ores  =  56,889,734  tons. 


Production  of  Lake  Superior  District  by  ranges  in  long  tons. 


Marquette. 

i 

Menominee. 

Gogebic. 

VermilioD. 

Meeabi.* 

1880 

1,384.010 

!       524.735 

1885 

1,430.862 

,       690.435 

119.590 

iS7.675 

1890 

2.863,848 

2.274.192 

2.914.081 

891.910 

1895 

1,982.080 

1    1.794,970 

2.625.475 

1.027.103 

2.^'356 

1900 

3,945,068 

1    3.680.738 

3.104.083 

1.675.949 

8.158.450 

1905 

3.772,645 

i    4.472.630 

3.344.551 

1.578.626 

20.156,566 

1910 

4.631.427 

1    4.983.729 

4.746.818 

1.390360 

30376.409 

Total  to  end  of 

1910 

97.861.463 

76.390387 

66.533.749 

30.708.055 

226.937.775 

*  The  Mesabi  District  first  shipped  ore  in  1892. 

Total  for  Lake  Superior  District  to  end  of  1910  =  498,431,929 
tons. 
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Kaolin,  see  Clay. 
Lead. 

The  production  of  lead  in  1910  follows: 

Short  Tons. 

Colorado 35,685 

Idaho 99,924 

Missouri 161,659 

Utah 57,081 

Other  states 19,878 

Total 372,227 

Its  various  uses  were  divided  in  1909  as  follows : 

Short  Tons. 

White  lead  and  oxides 134,138 

Pipe 52,914 

Sheet 23,421 

Shot 36,433 

Other  purposes 104,094 

The  average  price  of  lead  for  1910  was  4.4  cents  per  pound. 

Limestone,  see  Calcite. 

Magnesite. 

The  production  of  magnesite  for  1910  amounted  to  12,443  tons, 
valued  at  $74,658.  The  imports  of  the  mineral  were  valued  at 
Sl,542,800. 

Manganese. 

The  United  States  produces  only  small  amounts  of  manganese 
ores.  The  output  comes  from  Arkansas  and  Virginia  and  was 
valued  in  1910  at  $22,892.  A  larger  amount  of  manganiferous 
ores,  in  which  the  manganese  is  saved  as  a  by-product,  was  pro- 
duced. The  imports  of  manganese  ores  were  valued  at 
$1,711,131. 
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Mercury. 

The  production  of  mercury  (quicksilver)  for  1910  was  as 
follows. 

California,  17,211  flasks  (75  lbs.  each);  value,  $800,484. 
Texas,  3,320     "  "        154,413. 

Mica. 

The  total  value  of  the  mica  produced  during  1910  was  $337,097. 
Importations  during  the  same  year  were  valued  at  $724,525. 

Monazite. 

The  domestic  production  of  monazite  for  1910  was  insignificant 
amounting  to  only  $12,006  in  value.  The  importations  of 
monazite,  thorium  oxide  and  thorium  nitrate  for  the  same  period 
had  a  value  of  $267,912. 

Nickel. 

The  production  of  nickel  from  domestic  ores  is  insignificant. 
The  value  of  the  nickel  ore  and  matte  imported  during  1910  was 
$4,085,076. 

Phosphate  Rock. 

The  production  of  phosphate  rock  during  1910  was  as  follows: 

Value. 

Florida $8,647,774 

Tennessee 1,503,350 

South  Carolina 733,057 

Other  states 22,819 

Total $10,917,000 

• 

Platinum. 

The  value  of  the  platinum  produced  in  the  United  States  is 
small,  being  $25,277  in  1910.  Russia  produced  $212,500  ounces 
in  1900,  200,450  ounces  m  1905  and  probably  about  300,000 
ounces  in  1910.    Other  sources  at  present  are  negligible.    The 
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value  of  importations  into  the  United  States  of  unmanufactured 
and  manufactured  platinum  in  1910  amounted  to  more  than 
$3,654,664.  The  price  of  platinum  has  been  steatdily  rising. 
Platinum  in  ingots  had  an  average  value  in  New  York  during 
1910  of  $32.70  per  ounce. 

Potksh  Salts. 

The  amount  of  potash  salts  produced  in  the  United  States  is 
small.  The  value  of  the  various  salts  imported  during  1910  was 
$8,363,623. 

Pyrite. 

The  production  of  pjnite  by  states  for  1910  follows: 


Califomia 

Illinois  and  Indiana. 

Massachusetts  and  New  York 

Ohio 

Virginia  and  Georgia 

Wisconsin 

Total 


238,154 


Long  tons. 

Value. 

23,700 

$110,134 

10,502 

33,747 

38,978 

187,071 

3,766 

12,831 

148,653 

565,358 

12,555 

49,467 

$958,608 


Average  price  per  ton  =  $4.03. 

Quartz. 

Pure  crystalline  quartz,  used  for  pottery,  scouring  soaps, 
paints,  etc.,  brings  about  $2.00  to  $3.50  per  ton  in  its  crude  form. 
The  purer  varieties  of  quartzite  and  sandstone,  used  for  the  same 
purposes,  are  worth  from  $1.00  to  $2.00  a  ton.  The  total  pro- 
duction of  quartz  for  these  purposes,  and  including  that  used  as 
a  flux  or  for  abrading  purposes  for  1910,  had  a  value  of  $193,757. 
The  value  of  the  sandstone  production  in  the  United  States  for 
the  same  year  was  $7,930,019.  Sand,  used  for  glass,  moulding, 
building,  etc.,  was  produced  from  a  great  number  of  states, 
Pennsylvania,  New  York,  Ohio,  Illinois  and  Missouri  leading 
in  the  order  named,  and  had  a  total  value,  in  1910,  of  $21,037,630. 
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RutUei  see  Titanium. 
Salt 

The  production  of  salt  in  the  different  important  states  for 
1910  follows: 


California 

Kansas 

Michigan 

New  York  and  Louisiana 

Ohio 

Texas 

Utah 

West  Virginia 

Other  states 

Total 


Qnantity. 


(In  barrels  of  280 
Ibe.) 

937,514 

2,811,448 

9,452,022 

11,642,520 

3,673,850 

382,164 

249,850 

155,625 

1,000,663 


30,305,656 


Value. 


$519,667 

947,369 

2,231,262 

2,585,739 

951,963 

272,568 

185,869 

62,955 

142,952 


5p7,yUU,w44 


Silver. 

The  amounts  and  values  of  the  silver  production  for  the  years 
1000,  1905  and  1910  are  given  below; 


1900. 

1905. 

1910. 

OunceA. 

Commer- 
cial Value. 

Ounces. 

Commer- 
cial Value. 

Ounces. 

Commer- 
cial Value. 

Arizona 

Colorado 

Idaho 

Montana 

Nevada 

Utah 

Other  states... 

2.995.590 
20.483.900 
6,429.100 
14.195.400 
1.358.700 
9,267,600 
4,916.800 

$1,217,165 
12,700,018 
3,986.042 
8,801.148 
842.394 
5,745,912 
2,448,461 

2,605,712 
11,499,307 

8,679.093 
13.231,300 

6.482,081 
11,036,471 

2,738,522 

$1,573,850 
6,945.581 
5.242,172 
7,991.705 
3,915.177 
6.666,028 
1.543.926 

2.566.528 

8.509.598 

7,369.742 

12.162.857 

12.479,871 

10.466,971 

3.847.942 

$1,385,925 
4.595.183 
3.979.661 
6.567,942 
6.739.130 
5.652.164 
2.183.190 

Total 

57,647,000 

$35,741,140 

56,272.496 

$33,988,587 

57.598.509 

$31,103,195 

Two  thirds  of  the  world's  total  production  of  silver  in  1910 
came  from  Mexico,  United  States  and  Canada,  arranged  in  the 
order  of  their  importance,  the  total  amount  being  233,650,312 
oimces  with  a  value  of  $119,539,941. 
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The  commercial  value  of  silver  varies  quite  widely  from  year 
't^o  year.  An  ounce  was  valued  in  1900  at  61.6  c.,  in  1905  at 
«).4c.,  and  in  1910  at  49.3  c. 

Soapstone,  see  Talc. 

Sulphur. 

The  value  of  the  sulphur  produced  in  1910,  chiefly  from 
Louisiana,  was  $4,605,112.  The  value  of  the  imports  for  the 
same  year  was  $558,611. 

Talc  and  Soapstone. 

The  production  of  talc  and  soapstone  for  1910  follows. 

Massachusetts,  $52,204  North  Carolina,  $69,805 

New  Jersey  and  Vermont,  136,674 

Pennsylvania,  62,833  Virginia,  510,781 

New  York,  728,180  Other  states  31,916 

Total,  $1,592,393 


Tin. 

The  domestic  production  of  tin  is  negligible.  The  value  of 
the  imports  of  the  metal  for  1910  was  $33,913,255. 

Titanium. 

Very  little  rutile  is  produced  in  the  United  States.  The 
localities  in  Nelson  County,  Virginia,  are  the  only  ones  that  have 
been  worked  recently.  The  value  of  the  rutile  produced  from 
them  in  1910  was  $44,480.  The  value  of  the  mineral  varies 
according  to  purity  from  $40  to  $150  per  ton. 

Tourmaliney  see  Gem  Stones. 

Tungsten. 

The  total  value  of  timgsten  concentrates  produced  during 
1910  was  $832,992. 
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Turquoisei  see  Gem  Stones. 

Zinc. 

The  production  of  metallic  zinc,  spelter,  in  the  United  States 
for  1910  is  given  below. 

Short  Tons. 

Colorado 25,883 

Kansas 10,220 

Missouri 140,653 

Montana 12,417 

New  Jersey 65,419 

Wisconsin 21,475 

Other  states 27,092 

Total 303,139 

The  world's  production  of  spelter  by  countries  for  1910  follows: 

Short  Tons. 

Belgium 190,233 

France  and  Spain 65,191 

Germany 241,419 

Great  Britain 69,533 

United  States 303,139 

Total 883,419 
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NoU,  —  Namefl  of  mineral  species  are  printed  in  heavy-faced  tsrpe;  synonsrms  and 
variety  names  in  italics;  general  matter  in  light-faced  tjrpe. 


A. 

Accessory    rock-making    min- 
erals, 343. 
Adcular  structure,  57. 
Acid  potassium  sulphate,  92 
Acmite,  23a. 
Actinolitey  237. 
Adamantine  luster,  66. 
Adtdaria,  222. 
JEgirite,  233. 
JBnigxnatite,  240. 
Agalmatolite,  283. 
AgcUe,  176. 
Alabandite,  144. 
AlabasUr,  305. 

Albite,  225. 
AlexandriUf  193. 

Allanite,  259. 
Almanditef  244. 

Altaite,  140. 
Aluminium,  tests  for,  95. 
Aluminium  minerals,  310. 
Amalgam,  131. 
Amazon  atone ,  223. 
Amblygonite,  292. 
Amethystj  176. 
Ammonium  carbonate,  93. 
Ammonium  hydroxide,  93. 
Anmionium  molybdate,  93. 
Anmionium  oxalate,  93. 
Ammonium  sulphocyanite,  93. 
Amorphous  minerals,  363. 

Amphibole,  237. 
Amphibole  Group,  237. 


Analdte,  269. 
Anatase,  196. 
AndaluBite,  256. 
Andesine,  228. 
Andesite,  333. 
Andraditef  244. 
Axiglesite,  302. 
Anhydrite,  303. 
Ankerite,  209. 
Annabergite,  293. 
Anorthite,  229. 
AnthophyUite,  237. 
Antimiony,  124. 
Antimony  minerals,  311. 
Antimony,  tests  for,  95. 
Apatite,  288. 
Apatite  Group,  288. 
Apophyllite,  265. 
Aquamarine,  241. 
Aragonite,  214. 
Aragonite  Group,  213. 
ArfvedBonite,  246. 
Argentite,  138. 
Arkose,  336. 
Arsenic,  123. 
Arsenic  minerals,  312. 
Arsenic,  tests  for,  96. 
Arsenopjnrite,  156. 
Asbestos,  279. 
Asterism,  68. 
Atacamite,  172. 
Augite,  231. 
Aurichalcite,  219. 
Aventurine,  176. 
Azinite,  260. 
Asurite,  219. 
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Balat  ndty,  I8S. 
Banded  structure,  59. 
Bult*,  299. 
BarUe  Group,  299. 
Barium  chloride,  93. 
Barium  hydroxide,  93. 
Buium  miDcrok,  313. 
Barium,  testa  for,  96. 
BoTrfw,  299. 
Basalt,  333. 
Baiudte,  201. 
Bead  teats,  90- 
Beam  balance,  64. 
Baryl,  240, 
Biotite,  275, 
Bbmuth,  124, 
BUmuthinlte,  136. 
Bismuth  minerals,  313. 
Biamuth,  twt^  for,  97, 
Black-band  ore,  211. 
BlaOsjack,  142. 
Blowpipe,  80. 
Blowpipe  flame,  82. 
Blue  vUriol.  306. 
Bog-4.Ton  are,  200. 
Boracite,  296. 
Borax,  296. 
Borax,  92, 
Bondtv,  148. 
Boron,  tests  tor,  97. 
"Bart,  117. 

Botrjoidal  structure,  58. 
Boulanserite,  IGO, 
Boumonite,  160. 
Brachy-axis,  47, 
Brachydome,  48. 
Braehypinacoid,  48. 
BraunltQ   193 
Bra^lian  emerald,  264. 
Brittle,  62. 
Brochantlta,  304. 
Bromyrite,  170. 
Bromile,  231. 


Brooklt*,  196. 
Brtmm  hematite,  200. 
Brudtw,  202. 


Cadmium  minerala,  313 

Cairngorm  stone,  176. 
— CaJamine,  261. 

CaUrerlte,  158. 

Calcite,  *204. 
—  CalcUe  Group,  203. 

Calcium,  testa  for,  98. 

Cancrioite,  243. 

CapOiary  pyriUa,  146. 

Capillary  structure,  57. 

Carbonado,  117 

Carbon,  teats  for  99. 

Carborundum,  184. 

Carbufide,  247. 

Camaltltfl,  173. 

Camelian,  176. 

Casslterite,  193. 

Cat's  eye.  176,  193. 

Celeatlte,  301. 

CerEtrgTritK,  169. 

Cerusslte,  217 

Chabasite,  269. 

ChaJcanthite,  306. 

Chalcaiony,  176. 

Chalcocite,  141. 

Chalcopyiite,  150. 

ChalcolHckUe,  179. 
-  Chalk,  206,  336. 

ChatybOe,  210. 

Chemical  formula,  75. 

Chemical  groupa,  74. 

ChessyUte,-ilQ 

ChiMlolUe,  256, 

Ghloanthite,  154.  . 

Chlorine,  teats  tor,  99. 

CUoriU  Croup,  277. 

CUarophane,  171. 

Cblorospinel,  188. 

Chondrodite,  261. 
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mite,  191. 

nium  minerals,  314. 

nium,  tests  for,  99. 

Boberyl,  192. 

Bocolla,  283. 

Bolite,  247. 

ioprasCf  176. 

iotile,  279. 

Abar,  144. 

imon  stone,  245. 

ification  of  minerals,  114. 

ironstone f  211. 

'^age,  3,  59. 

-axis,  50. 

Tchlore,  277. 

dome,  52. 

3huinite,  261. 

•pinacoid,  53. 

Tnite  Group,  276. 

d  tube  test,  87. 

ings  on  charcoal,  86. 

'i  bloom,  293. 

iltite,  154. 

It  minerals,  314. 

It  nitrate,  93. 

It,  tests  for,  99. 

heel  ore,  160. 

manite,  296. 

radorite,  144. 

:  of  minerals,  67. 

mbite,  284. 

tnnar  structure,  58. 

pact  structure,  58. 

entric  structure,  58. 

hoidal  fracture,  60. 

;lomerate,  335. 

tancy  of  interf  acial  angles,  5. 

act  metamorphic  minerals, 

7. 

3er,  130. 

•er  glance,  141. 

)er  minerals,  314. 

►er  nickel,  147. 

•er  pyrites,  150. 

)er,  tests  for,  99. 


Cordierite,  242. 
Corundum,  181. 
CoveUite,  145. 
CroddolUe,  240. 
Crocoite,  303. 
Cryolite,  172. 
Crystal  combinations,  13. 
Crystal,  defined,  1. 
Crystal  distortion,  14. 
Crystal  form,  12. 
Crystal  habit,  13. 
Crystallized  structure,  57. 
Crystallographic  axes,  9. 
Cube,  18. 
Cuprite,  179. 
Cyanite,  257. 
Cymophane,  193. 

D. 

Dacite,  333. 
Danburite,  254. 
Datolite,  257. 
Deltoid  dodecahedron,  29. 
Demantoid,  247. 
Dendritic  structure,  57. 
Desmine,  268. 

Determinative  Mineralogy,  364. 
Determinative  Tables,  369. 
Diamond,  116. 
Diaspore,  198. 
Dimorphism,  80. 
Diopside,  231. 
Dioptase,  250. 
Diorite,.332. 
Diploid,  25. 

Divergent  structure,  67. 
Dodecahedron,  19. 
Dolerite,  332. 
-  Dolomite,  208. 
Double  refraction,  71. 
Drusy  structure,  67. 
Dry-hone  ore,  212. 
Dry  reagents,  92. 
Dunite,  332. 


Earthy  structure,  E8. 
Elaolilt,  242. 
Elastic,  62. 

BlectrU  Mlamine,  262. 
EUetmm,  125. 
Elcmenta,  115. 
Etementa,  lut  of,  94. 
XmboUts,  169. 
Emeraid,  241. 
Emery,  182. 
Xurgltfl,  165. 
EndlichUe,  291. 
ErutatlM,  231. 
Epidota,  2.'i9, 
Eruhc.-.rHr,  149. 
■i7tlirit«,  293. 
EatoniU,  245. 
EupiTPtits,  234. 


Fflkhre.  162. 

f  amatmite,  165. 

Foralite,  248. 

Feather  ore   159. 
feldspar  Group,  220. 
Felsite,  3.'i3. 
TerffUBonlto,  286. 
Fihr(^ile,  2,j(i 
Fibrous  fracture,  60. 
Fibrous  structure,  58. 
Filifono  Htnicture,  57. 

Flexible,  62! 
PlirU.  177. 
Flos  ferri.  215. 
Fluorine,  tests  for,  100. 
Fluorite,  170. 
Flmr  spar,  170. 
Toliiitpil  structure,  58. 
FoBterite,  24S. 


-Oalsnft,  139. 

Galeniie,  139. 

Gangite  minerola,  351 
-Oftmet,  244. 

Gamierlt*,  280. 

Oay  Lusaite,  219. 

Cknthite,  280. 

G«ocroiute,  160. 

Geode,  .ifl. 

Gendorftlte,  154. 

Geynerile,  178. 

Gibbsite,  203. 

Glauberite,  298. 

Glaucophanft,  239. 

Globular  structure,  5 

GDuUnlto,  269. 

Gneiss,  337. 

Qoethite,  199. 

Gold,  125. 

GMen  beryl,  241. 

Gold  minerals,  317. 

Gold,  tests  for,  101. 

GonioTn''tprs,  6. 

Gossan,  153. 
"Granite,  331. 

timniiliir  stnicturo,  { 
_  Graphite,  120. 

Gray  copper,  162. 

Graywacke,  336. 

Orpii-iy  luster,  66. 

Greeaocldte,  146. 

Grn.i3ulnHte.,  244. 

Groundmass,  334. 


Hackly  fracture,  60. 
Halite,  166. 
Hardness  of  minerals,  ( 
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Harmotone,  267. 
Hausznannite,  193. 
Haiiynite,  243. 
Heavy  spoTy  299.  . 
Hedenbergite,  231. 
Hematite,  184. 
Hemimorphite,  262. 
HesBite,  140. 
Henlandite,  267. 
Hexahedron,  18. 
Hexagonal  axes,  37. 
Hexagonal  minerals,  357. 
Hexagonal  prisms,  38. 
Hexagonal  p3a*amicis,  39,  40. 
Hexagonal  83anmetry,  38. 
Hexagonal  system,  37. 
Hexakistetrahedron,  29. 
Hexoctahedron,  23. 
HiddenUe,  234. 
Hornblende,  237. 
Homblendite,  332. 
Horn  silver,  169. 
Horseflesh  ore,  149. 
Hiibnerite,  307. 
Humite,  261. 
Hyacinth,  254. 
Hyalite,  178. 
Hyalophane,  223. 
HydrargiUiU,  203. 
Hydrochloric  acid,  93. 
Hydrogen  sodium  phosphate,  93. 
HydrohematUe,  198. 
Hydromagnesite,  220. 
Hydrozincite,  220. 
Hypenthene,  231. 

I. 

Ice,  181. 

Iceland  spar,  206. 

Igneous  rocks,  329. 

nmenite,  186. 

nvaite,  261. 

Index  of  refraction,  69. 

Indices,  12. 


Indicolite,  264. 
Infusorial  earth,  178. 
lodyrite,  170. 
lolite,  242. 
Iridescence,  68. 
Iridium,  133. 
Iridosmine,  133. 
Iron,  133. 
Iron  minerals,  318. 
Iron  pyrites,  151. 
Iron,  tests  for,  101. 
Irregular  fracture,  60. 
Isometric  angles,  30. 
Isometric  axes,  16. 
Isometric  minerals,  355. 
Isometric  symmetry,  17. 
Isometric  system,  16. 
Isomorphism,  77. 
Isomorphous  groups,  79. 

J. 

Jacinth,  254. 
Jadeite,  234. 
Jamesonite,  159. 
Jargon,  254. 
Jasper,  177. 
Jeffersonite,  231. 
Jolly  balance,  64. 

K. 

Kainite,  168. 
Kalinite,  306. 
Kaolin,  281. 
Kaolinite,  281. 
Kidney  ore,  185. 
Kremierite,  159. 
Kumite,  234. 

L. 

Labradorite,  228. 
Lamellar  structure,  58. 
Lapis4assvli,  243. 
Laumontite,  268. 
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LasiiUte,  293. 
Laiurite,  243. 
Lead,  131. 
Lead  minerals,  319. 
Lead,  tests  for,  102. 
Lepidolite,  274. 
Lepidomelane,  276. 
Leucite,  229. 
LievriUy  261. 
IJmcstone,  206,  336. 
Limonite,  200.  v 
LinnaBite,  149. 
LithiophiUte,  287. 
Lithium,  test  for,  103. 
Litmus  paper,  92. 
Lodestonc,  189. 
Luster,  65. 

M. 

Macro-axis,  47. 
Macrodome,  48. 
Macropinacoid,  48. 
Magnesite,  209. 
Magnesium,  tests  for,  103. 
Magnetic  pyrites^  147. 
Magnetite,  189. 
Malachite,  218. 
Mallcablo,  62. 
Mammillary  structure,  58. 
Manganese  minerals,  320. 
Manganese,  tests  for,  104. 
Manganite,  199. 
Manganotantalitef  285. 
Marble,  206,  339. 
Marcasite,  155. 
Margarite,  277. 
Marialite,  250,  251. 
Marl,  337. 

Massive  minerals,  363. 
Massive  structure,  59. 
Meionite,  250,  251. 
Melaconite,  181. 
Melanite,  246. 
Mendccanite,  186. 


Meneghinite,  160. 
Mercury,  131. 
Mercury  minerals,  321. 
Mercury,  tests  for,  104. 
Metacixmabarite,  144. 
Metallic  luster,  66. 
Metamorphic  rocks,  337. 
Mica  Group  f  271. 
Mica-schist,  338. 
Micaceous  structure,  58. 
Microcline,  223. 
Microcosmic  salt,  92. 
Microlite,  286. 
Milky  quariZj  176. 
ISillerite,  146. 
Mimetite,  291. 
Mispickdf  156. 
Bliuonite,  250,  251. 
Molybdenite,  137. 
Molybdenum  minerals,  322. 
Molybdenum,  tests  for,  104. 
Monasite,  286. 
Monoclinic  axes,  50. 
Monoclinic  minerals,  360. 
Monoclinic  prism,  52. 
Monoclinic  pyramid,  51. 
Monoclinic  synametry,  51. 
Monoclinic  system,  50. 
MonticeUite,  248. 
Moonstone,  222,  226. 
Morganite,  241. 
Muriatic  acid,  93. 
MuBCOvite,  272. 

N. 

Nagyagite,  159. 
Natrolite,  270. 
Nephelite,  242. 
Niccolite,  147. 
Nickel  hloom,  293. 
Nickel  minerals,  322. 
Nickel,  tests  for,  104. 
Niobium,  tests  for,  106. 
loiter,  295. 
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Nitric  acid,  93. 
Nomnetallic  luster,  66. 
NoseUte,  243. 

O. 

Obsidian,  333. 
Octahedrite,  196. 
Octahedron,  18. 
Oligoclase,  227. 
Olivenite,  293. 
OUvine,  247. 
Onofrite,  144. 
Onyx,  177. 
Oolite,  336. 
Opal,  178. 
Opalescence,  68. 
Open  tube  test,  86. 
Orpixnent,  134. 
Ortho-axis,  50. 
Orthoclase,  221. 
Orthodome,  52. 
Orthopinacoid,  53. 
Orthorhombic  axes,  46. 
Orthorhombic  minerals,  359. 
Orthorhombic  prism,  47. 
Orthorhombic  pjo-amid,  47. 
Orthorhombic  symmetry,  46. 
Orthorhombic  system,  47. 
Oxidizing  flame,  84. 
Oxygen,  tests  for,  105. 

P. 

Palladium,  133. 

Parameters,  10. 

Parting,  59. 

Peacock  ore,  149. 

Pearl  spar^  209. 

Pearly  luster,  66. 

Pectolite,  235. 

Pegmatite  dike,  345. 

Penninite,  277. 

Pentagonal  dodecahedron,  25. 

Pentlandite,  144. 


Percentage  composition,  76. 
Peridot,  247. 
Peridotite,  332. 
Perlite,  333. 
Perovskite,  284. 
Petalite,  220. 
Petzite,  140. 
Phenacite,  249. 
Phenocryst,  334. 
Phillipsite,  267. 
Phlogopite,  275. 
Phonolite,  333. 
Phosgenite,  218. 
Phosphorescence,  68. 
Phosphorite,  289. 
Phosphorus,  tests  for,  106. 
Picotite,  188. 
Pitch  blende,  297. 
Pitchstone,  333. 
PlagiocUise  feldspars,  224. 
Plagionite,  160. 
Platinum,  131. 
Platinum  minerals,  323. 
Platinum,  tests  for,  106. 
Play  of  colors,  68. 
Pleonaste,  188. 
Plumose  structure,  58. 
Plutonic  rocks,  330,  331. 
Pneumatolytic  minerals,  348. 
Polarized  light,  72. 
Polianite,  198. 
Pollucite,  230. 
Polybasite,  164. 
PolyhaUte,  168. 
Porphyry,  334. 
Potash  alum,  306. 
Potash  feldspar,  221. 
Potassium   iodide   and   sulphur 

mixture,  92. 
Potassium  ferricyanide,  93. 
Potassium  ferrocyanide,  93. 
Potassium,  tests  for,  106. 
Prehnite,  260. 
Primary  vein  mineraLs,  352. 
ProuBtite,  161. 
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Pwudomorphs,  15. 
PfUoineUne,  203. 
Pumice,  333. 
Purple  copper  ore,  148. 
Pjrmrgyrite,  161. 
Pyrite,  151. 
Pyritohedral  class,  24. 
Pyritohedron,  25. 
Pyrochlore,  286. 
Pyroelectricity,  72. 
Pyroliuite,  196. 
Pjroznorphitei  290. 
Pyrope,  244. 
Pyroph^te,  282. 
PyruunOy  231. 
Pyroxene  Group,  230. 
Pyroxenite,  332. 
PyrrhoUte,  147. 

Q. 

Quarts,  174.  "^ 
Quartzite,  338. 
Quickeilver,  see  Mercury. 

R. 

Radiated  structure,  57. 
Realgar,  134. 
Red  copper  ore,  179. 
Reducing  flame,  84. 
Refraction  of  light,  68. 
Rcniform  structure,  58. 
Replacement  deposits,  351. 
Resinous  luster,  66. 
Reticulated  structure,  57. 
Rhodochrosite,  211. 
Rhodolite,  246. 
Rhodonite,  236. 
Rhombohedral  class,  41. 
Rhombohedral  minerals,  358. 
Rhombohedron,  42. 
Rhyolite,  333. 
Riebeckite,  239. 
Rock  crystal,  175. 


Rock-making  minerals,  339. 
Rock  salt,  166. 
Rose  beryl,  241.  -"^ 
Rose  quartz,  176.      ~ 
RvbeUUe,  264. 
RubiceUe,  188. 
Ruby,  182. 
Ruby  copper,  179. 
Ruby  sdoers,  161. 
ButUe,  195. 

S. 

8aU,im. 

Salt  of  phosphorus,  92. 
Samarskite,  286. 
Sandstone,  335. 
Sanidine,  222. 
Sapphire,  182. 
Satin  spar,  305. 
Scalenohedron,  42. 
Scale  of  fusibility,  84. 
Scale  of  hardness,  61. 
Scapolite  Group,  250. 
Scheelite,  308. 
SchejferiU,  231. 
Schist,  338. 
Scolecite,  271. 
Scorodite,  293. 
Secondary  enrichment,  352. 
Secondary  vein  minerab,  352 
Sectile,  62. 

Sedimentary  rocks,  334. 
Sdenite,  304. 
Serpentine,  278. 
Shale,  336. 
Siderite,  210. 
Silicon,  tests  for,  107. 
Silky  luster,  66. 
Sillimanite,  256. 
Silver,  129. 
Silver  glance,  138. 
Silver  minerals,  324, 
Silver  nitrate,  93. 
Silver,  tests  for,  108. 
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Slate,  338. 
Sznaltite,  154. 
Smithsonite,  212. 
Smoky  quartz^  176. 
Soapstonej  280. 
Soda^feldapaTf  225. 
SodaUte,  243. 
Soda  niter,  295. 
Sodium  carbonate,  92. 
Sodium,  tests  for,  109. 
Spathic  iroUy  210. 
Specific  gravity,  62. 
Specular  hematitef  185. 
Sperrylite,  154. 
SpessartiUf  244. 
Sphalerite,  142. 
Sphene,  283. 
Sphenoid,  35. 
Sphenoidal  class,  35. 
Spinel,  187. 
Spinel  Groupf  187. 
Spodumene,  233. 
Stalactitic  structure,  58. 
Stannite,  151. 
Staurolite,  264. 
SteatiU,  280. 
Stellated  structure,  58. 
Stephanite,  163. 
Stibnite,  135. 
Stilbite,  268. 
Stromeyerite,  142. 
Strontianite,  216. 
Strontium,  tests  for,  109. 
Structure  of  minerals,  57. 
Sublimates  in  closed  tube,  88. 
Sublimates  in  open  tube,  87. 
Sublimates  on  charcoal,  86. 
Submetallic  luster,  67. 
Sulphides,  133. 
Sulphur,  122. 
Sulphuric  acid,  93. 
Sulphur,  tests  for,  109. 
Syenite,  331. 
Sylvanite,  157. 
Sylvite,  168. 


Symmetry,  7. 
Symmetry  axis,  7. 
Symmetry  center,  8. 
Symmetry  plane,  7. 

T. 

Tabular  structure,  58. 
Talc,  280.  — 
TantaUte,  284. 
Tarnish,  68. 
Tellurium,  123. 
Tellurium,  tests  for,  110. 
Tenacity  of  minerals,  62. 
Tennantite,  162. 
Tenorite,  181. 
Tephroite,  248. 
Test  papers,  92. 
Tetragonal  axes,  31. 
Tetragonal  combinations,  34. 
Tetragonal  minerals,  356. 
Tetragonal  prisms,  32. 
Tetragonal  pyramids,  32,  33. 
Tetragonal  system,  31. 
Tetragonal  symmetry,  31. 
Tetragonal  trisoctahedron,  20 
Tetrahedral  class,  27. 
Tetrahedrite,  162. 
Tetrahedron,  28. 
Tetrahexahedron,  19. 
Thomsonite,  271. 
Thorite,  254. 
Thtditey  258. 
Tiemaxmite,  144. 
Tiger^a  eye,  176. 
Tin  minerals,  325. 
Tin  sUme,  193. 
Tin,  tests  for,  111. 
TiJUmic  iron  ore,  186. 
Titanite,  283. 
Titanium  minerals,  326. 
Titanium,  tests  for,  111. 
Topas,  254. 
Tourmaline,  262. 
Trachyte,  333. 
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Trapesohedral  class,  45. 
Trapcsohedron,  20. 
Travertine,  206,  336. 
TremoliU,  237. 
Triclinic  axes,  54. 
Triclinic  domes,  55. 
Triclinic  minerals,  363. 
Triclinic  pinacoids,  56. 
Triclinic  prisms,  55. 
Triclinic  pyramids,  55. 
Triclinic  S3rmmetry,  55. 
Triclinic  system,  54. 
Trigonal  trisoctahedron,  22. 
Trimorphism,  80. 
Triphylite,  287. 
THpolUe,  178. 
Tri-rhombohedral  class,  45. 
Trisoctahedron,  22. 
Tristctrahedron,  29. 
Trona,  220. 
TroastiU,  249. 
Tungsten  minerals,  326. 
Tungsten,  tests  for.  111. 
Turgite,  198. 
Turmeric  paper,  92. 
Turquois,  294. 
Twin  crystals,  15. 

U. 

Uneven  fracture,  60. 
Urcdian  emeraldSj  247. 
Uraninite,  297. 
Uranium,  tests  for,  112. 
UvaroviUf  244. 

V. 

Vanadinite,  291. 
Vanadium  minerals,  327. 
Vanadium,  tests  for,  112. 
Variegated  copper  ore^  149. 


Veins  and  vein  minerab,  349. 
Verd  antique  marble,  279. 
Vesuvianite,  251. 
Vitreous  luster,  66. 
Vitrophyre,  333. 
Vivianite,  293. 
Volcanic  rocks,  330,  332. 

W. 

Warronite,  160. 
Water,  tests  for,  101. 
WaveUite,  294. 
Wemerite,  250. 
Wet  reagents,  92. 
WhUe  iron  pyrites,  155. 
Willemite,  249. 
Witherite,  215. 
Wolframite,  307. 
WoUastonite,  235. 
Wulfenite,  308. 
Wurtsite,  148. 

X. 

Zenotime,  286. 

Y. 

Yellow  copper  ore,  150. 

Z. 

Zecliles,  267. 
Zinc  blende,  142. 
Zindte,  180. 
Zinc  minerals,  327. 
Zinc,  tests  for,  112. 
Zinkanite,  160.. 
Zircon,  252. 
Zoiaite,  258. 
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